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CHAPTER - I 
I N T R O D U C T I O N 
A. Mutation Breeding : 
In 1909, a Dutch Botanist, Hugo de Vries coined 
the term mutation for an abnormal product of heredity. 
Being so, it constitutes a vital agency of evolution in 
living organisms. Unlike other evolutionary processes, 
such as selection and recombination which produce gradual 
changes, mutation is an extremely fast rather a 'single-
stroke event*, causing permanent genetic alterations in 
the individual. It is thus defined as sudden, heritable 
change in the karyotype of an organism, constituting the 
raw material of species transformation. 
The important properties of mutation is that they 
are recurrent, reversible and reproducible. Mutation is 
the only method by which allelic differences between genes 
can arise. Broke (1970) studied induced mutation and 
considered it as an alternative to naturally occuring 
variation in the germplasm which can be used for plant 
improvement programmes and as an alternative to 
hybridization and recombination in plant breeding. 
Mutation has been widely applied to all kinds of 
hereditary changes, it may either be genotypical or pheno-
typical resulting from germinal alterations. 
Hereditary changes can occur either due to a hit 
in a gene causing presumably an alteration in the allelic 
phase, mostly from dominent to recessive, then called 
"point" or "factor" or "intragenic" mutation; or to a hit 
in a link between genes causing a chromosomal break or 
aberration, such as deletion, duplication, inversion and 
translocation, then referred to as "chromosomal" or 
"intergenic" mutation; or to both, ie, point and 
chromosomal mutations; or sometimes a hit in the somatic 
parts of the cells leading to "somatic" mutation. The 
point mutations affecting single genes may be classified 
by effect in to "hypomorphs" - normal allele functioning 
less efficiently, "hypermorphs" - allele functioning more 
efficiently than the normal allele, "neomorphs" - allele 
that has acquired a new function, "amorph" - allele that 
has completely lost the function of a normal allele and 
"antimorphs" - antagonizing or impeding the action of 
normal allele. 
Mutation is widely classified in to two. 
1. Spontaneous/Natural Mutation : 
Mutations occur in na tura l populations without any 
treatment by man a t a low r a t e , these are known as 
spontaneous mutations. 
2. Induced/Artificial Mutation : 
Mutation may be artificially induced by treatment 
with certain physical or chemical agents, such mutations 
are known as induced mutations and the agents used for 
producing them are termed as mutagens. 
Uti l izat ion of induced mutation for crop 
improvement i s knovm as Mutation breeding. The d i rec t ion 
and r a t e of mutation vary in different genes. Macro-
mutation caused large disturbances in the normal 
development and funct ioning. Therefore, mutations with 
small effects are of importance in evolution. 
The most common external mutagens are 
i ) Physical : 
cC - rays, p -rays , T^rays , X-rays , UV-rays , Infrared 
rays e t c . 
i i ) Chemicals : 
EMS, dES, DMS, MMS, SA, NMU, caffine etc. 
Induced mutations are more useful for yield, 
induction of earliness in the late varieties and 
alteration of grain quality etc. 
The physical mutagens have been used for many 
decades, whereas the use of chemicals is relatively 
recent. In general most mutation breeders prefer ionizing 
radiations due to easy applicability and high mutation 
frequency. The doses to apply depend on the radioactivity 
of the species in general, and that of plant part and the 
stage of development in particular. Plant part which still 
have to produce new roots and shoots are more sensitive 
than plant part with existing root and shoot meristerns. 
The rate of mutation depends on many external 
variables. Therefore, the frequency of mutation will be 
different under different condi t ions . With increasing doses., 
the mutation frequency increases but survival and capacity to 
re-generate decreases. One must therefore, choose an 
optimum dose which produces maximum frequency of mutation 
and causes minimum k i l l ings and i t is believed that a dose 
to LDcQ should be optimum. 
The dose a lso depends on the crop and the se l ec t ion 
method. Dose of the mutagen may be varied by varying the 
in tens i ty or the treatment time. In case of r a d i a t i o n s , 
i n t ens i ty may vary with change of distance from the 
rad ia t ion source. In tens i ty in the case of chemical 
mutagen may vary with the change of concentrat ion of 
mutagens. 
Though there were several attempts to induce 
mutation by chemical agents (Westergaard, 1957 and 
Gustaffsson, 1969), the f i r s t def in i te evidence tha t 
chemical agents could induce mutation was obtained by 
Auerback and Robson (1946). The chemical mutagen was 
nitrogen mustard which produced mutations in Drosophila. 
Significance : 
Besides mutation breeding, select ion, hybridization and 
induction of ploidy are the other methods to get the 
genetic va r i ab i l i ty and crop improvement. But among these 
methods, mutation breeding has unique place due to i t s 
significance - rapid ac t ion and conventional breeding 
method. Infact, mutations are the ultimate source of 
genetic variability, whether spontaneous or induced. 
An impressive list of mutations graduated directly 
by 1975 as improved varieties in the farmer's field—rl5-
wheat, 16 - rice, 40-barley and 5-oats in cereals, 20 in 
legumes and 60 in ornamentals. Unequivocally signalling 
the coming age of mutation breedings* i^t may now assume 
the role of an efficient breeding method or as an useful 
adjunct to traditional methods. 
B. Pea (PisiM sativua L.) 
Legume is the term applied for the fruits of 
Leguminosae family and pulses constitute a group of crops 
of the legume family which with the help of bacteria in 
their root nodules, fix atmospheric nitrogen and improve 
the soil fertility. It would not be an over statement if 
it is said that pulse crops have been the mainstay of 
Indian agriculture, enabling the land to turn out 
reasonable quantities of food grains when, over the last 
several decades, a major part of the area under 
cultivation has hardly received any manures or 
fertilizers. These crops are generally included in 
rotation in most of the areas and have helped to keep soil 
alive and productive. They figure prominently also in crop 
mixtures and occupy an important place in the dietary of 
the people of the country, supplying the major portion of 
the protein requirements of its predominantly vegetarian 
populat ion. Some of the pulses serve as excellent forage 
and grain concentrates in the feed of large c a t t l e 
populat ion of the country, and some of them are excel lent 
green manure crops adding the much needed humus and the 
major plant nutr ients to the s o i l . 
The pea crop c o n s t i t u t e s one of the foremost 
important seed legumes with an estimated t o t a l world 
production about 10 m.mt. 
Pea i s a crop of world importance, grown 
p a r t i c u l a r l y in Asia, Europe and U.S.A. China possibly i s 
the leading country for producing dry f ie ld peas. In 
Ind ia , pea i s pr incipal ly grown in Uttar Pradesh, Bihar, 
Madhya Pradesh and Maharashtra. 
Garden peas are cu l t i va t ed also in other s t a t e s , 
such as Delhi, West Bengal, Maharashtra, Punjab and 
Himachal Pradesh. The t o t a l production of garden peas i s 
estimated to be over 7,729,000 maunds; 288,000 metric 
tones of green pods which compares favourably with 
production in some other countr ies of the world. The most 
important garden pea growing s t a t e i s Uttar Pradesh . I t 
accounts for more than 60% production ; Lucknow, Meerut, 
Kanpur, Allahabad, Varanasi and Faizabad in the p la ins and 
Nain i ta l in the h i l l s being the chief garden pea growing 
d i s t r i c t s . The important pea growing d i s t r i c t s in other 
s t a t e s includes Amritsar in Punjab and Ambala in Hariyana; 
Bharatpur in Rajasthan; Nadia, Darjeeling, Murshidabad and 
24-Pargana in West Bengal; Poona and Nasik in Maharashtra; 
Broach in Gujarat; Mandala, Bilaspur, Panchmarhi and Rewa 
in Madhya Pradesh; Gaya, Patna, Bhagalpur and Monger in 
Bihar; Belgaum in Karnataka and Mahasu in Himachal 
Pradesh. 
The nitrogen fixing nodules of leguminous plant is 
unique in the entire angiosperms which aid in enriching 
the plants through atmospheric nitrogen. The most commonly 
invading bacterium is Rhizobium and each strain of the 
bacterium is able to infect the roots of only a 
particular group of legumes, or sometimes only a 
particular species as in the case of soyabean. Nodules are 
characterized by their size, shape and number for a 
particular genus and occur singly (in Vigna) or in cluster 
(in Crotalaria). They are small (in Vicia, Lens etc.) or 
large (in Pisum, Cicer etc.) in size. 
A lot of work is being done all over the world on 
the nitrogen fixing bacteria and to induce nodules 
formation artificially in non-nodule forming legumes as 
well as other crop plants by crossing or by biotechnology 
methods. The discovery of 'nif genes in nodules forming 
plants gave an impetus to the breeding programmes but so 
far,little success has been achieved in this field. 
Cannon (1903) first reported the haploid chromosome 
number as 7. It has since been confirmed by a number of 
investigators. The diploid chromosome number of 14 was 
first seen by Nemec and has also been repeatedly 
confirmed. All members of genus Pisum are self 
pollinating, diploids, having chromosome number 2n=14 and 
all intercross freely. According to Blixt (1959), several 
structurally different types of karyotype in Pisum are 
known. He presented details of the morphology of the 
karyotype together with a key for identifying the seven 
mitotic chromosomes. 
Like other legumes, peas are rich in proteins, 
vitamins, particularly of B-group and minerals. Starch is 
the major carbohydrate while the sugars present are 
sucrose, stachyose, glucose, fructose and galactose. 
Sucrose is the most important, determining the sweetness 
in the peas. Dry peas have protein up to 28 percent. The 
protein principally consists of a globulin named legumin, 
with smaller amounts of another globulin vicilin and an 
albumin named legumelin. 
During growth and ripening of peas, there is a 
rapid increase in sucrose and an increase in starch and 
hydrolysable polysaccharides. After picking, the peas lose 
their sweetness due to a decrease in sucrose and an 
increase in alcohol insoluble solids. Peas also contain 
pectin (2.5% as calcium pectate). A protoproteose and a 
deuteroproteose have been isolated as minor components. 
The crude protein and globulin contents of the pea 
increase with ripeness until they reach a maximum in the 
fully ripe, dry seeds. The non-protein nitrogen was found 
to be about 25 percent of the total nitrogen in green 
peas, it showed high concentration of free arginine and 
lysine. The percentage of non-protein nitrogen in dried 
peas was reported as 9.7. The following amino acids, 
besides all the essential aminoacids, have been identified 
in the free form in green peas: Aspartic acid. Glutamic 
acid, Tyrosine, Cystine, Glycine, Proline and Serine. 
Peas in India, as elsewhere, are consumed in a 
variety of ways. The fresh ones are consumed as such or 
canned, curried and dehydrated, the dry ones of certain 
green seeded varieties are also processed for canning. The 
white or gray seeded varieties with yellow cotyledons are 
used as split peas or in the form of besan. Peas are 
consumed both in the fresh form as vegetable and in the 
dried form as a pulse. The shelled green peas are also 
utilized for preparation of canned peas, frozen peas and 
dehydrated peas. 
The green plants as well as the pods and grains, 
and the hay are valued as fodder. As a green fodder, in 
mixture with oats, pea is said to be very favourable for 
milk production having a high nutritive value. It is also 
used sometimes as a winter green manuring crops. 
Sanyal (1960) reported that m-xylohydroquinone, a 
substance isolated from pea oil interferes with the 
working of progesterone and prevents pregnancy in women; 
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and in men it diminishes spermatogenesis. Peas contain 
appreciable quantity of saponin. The white, green and 
black types of pea show a haemagglutinating activity 
against rabbit, rat and the different groups of human red 
blood cells: heating or autoclaving of the pulse is found 
to remove the activity completely. A cardiolipin like 
substance named pea-lipin, whose antigens are reactive in 
flocculation tests with syphilitic sera has been reported 
in peas. Peas yield an antifungal compound named pisatin 
(C^ -iH^ O^/-, m.p. 61°) which is formed on pea pods 
inoculated with either facultative or obligate plant 
pathogens. The seed coat of field peas contains a 
fungistatic substance (C2]^ H220io'^ *^ 2^^ ^ probably a 
nitrogen containing anthocyanidine. 
There are several diseases of pe^ plants caused by 
fungus and pests. 
a) Fungal diseases : 
Root rot : Ascochyta pinodella 
Powdery mildew : Erysiphe polygoni 
Fusarium foot rot : Fusarium orthoceras var. pisi 
Wilt : Fusarium oxysporum var. pisi 
Rust : Uromyces fobae 
b) Pest diseases : 
The leaf eating : Lapphygma exiqua 
caterpillar 
Pod borer : Heliothis obselata 
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Pea aphid : Microsiphum pisum 
Pea thrips : Thrips indicus 
Leaf miner : Phytomyza articornis 
A survey of literature has shown that less 
attempt has been made towards the improvement of Pisum 
sativum through chemical mutagenesis and therefore, 
keeping in view the economic importance of this crop from 
different utility angle and also the damages caused by 
several fungal and pest diseases, reducing the total yield 
of this crop, it was planned to improve the quality of 
this crop by using certain chemical mutagens like EMS, DMS 
and SA. In order to achieve the aims the locally available 
varieties of Pisum sativum such as Arkel and Aparna were 
selected for the experiments and the observations 
pertaining to the morphology and cytology of M^ plants 
along with control have been presented in this 
dissertation. 
MATERIALS 
AND 
METHODS 
CHAPTER - 2 
MATERIALS AND METHODS 
2.1 MATERIALS : 
a: Seeds 
The seeds of following two varieties of pea were 
used in the present study. 
i) Pisum sativum (L.) var. Arkel - Certified 
healthy seeds were obtained from the seed counter of lARI, 
New Delhi. 
ii) Pisum sativum (L.) var. Aparna - Certified 
healthy seeds were obtained from Govt, seed store, 
Aligarh. 
b: Chemicals 
The following chemicals (mutagens) were used, 
i) Ethylmethane sulphonate (EMS) 
ii) Dimethyl sulphate (DMS) 
iii) Sodium azide (SA) 
All these chemicals were obtained from Department 
of Botany, Aligarh Muslim University, Aligarh. 
2.2 METHODS : 
2.2.1 Pre-soaking of the seeds : 
About 1500 medium sized healthy seeds of each 
variety were pre-soaked in double distilled water (DDW) 
for 12 hrs. in order to activate the initiation of 
germination. 
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2.2.2 Preparation of stock solutions : 
i) Stock solution of EMS 0.1% was prepared by 
adding 499.5 ml of phosphate buffer (pH = 7) to 0.5 ml. 
EMS (total volume 500 ml). 
ii) Stock solution of DMS 1% was prepared by 
adding 495 ml of buffer solution (pH = 7) to 5 ml. DMS 
(total volume 500 ml). 
iii) The stock solution of SA 0.1% was prepared by 
adding sufficient quantity of buffer (pH = 7) to 500 mg SA 
(total volume 500 ml). 
2.2.3 Preparation of different concentrations : 
The different concentrations of chemical mutagens 
i.e. 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 
0.08% and 0.09% for both EMS and SA and 0.1%, 0.2%, 0.3%, 
0.4%, 0.5%, 0.6%, 0.7%, 0.8% and 0.9% for DMS were made 
from the respective stock solutions by using the following 
formula; 
^1^1 = S2V2 
Where, S^ = Strength of the stock solution. 
V^ = Volume of the stock solution(?) 
Sj = Strength of the desired solution. 
^2 = Volume of the desired solution. 
2.2.4 Seed treatment with mutagens : 
The different desired concentrations of chemical 
mutagens were arranged in two sets as 15 ml. and 30 ml. 
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for B.O.D. and field experiments, respectively for both 
the varieties. 15 and 30 seeds of both the varieties were 
subjected to treatment for 8 hrs. in each concentrations 
of chemical mutagen. One set of untreated seeds were kept 
in buffer solution for the same period of time as control. 
2.2.5 Sowing of the treated seeds : 
After the treatment with different concentrations 
of mutagen, the seeds were washed thoroughly with tap 
water for about 4-5 times in order to remove the mutagen 
from the surface of the seeds. Then 15 seeds were sown in 
petriplates containing soaked cotton which were kept in 
ft 
B.O.D. incubator a t 25+^ 1 °C temperature. The 30-seeded 
s e t s , a f t e r proper washing in fresh water, were sown in 
earthen pots containing well manured s o i l . 
2.2.6 Seed geraination : 
In B.O.D. experiment, the seed germination s t a r t ed 
on the second day of sowing and the reading? were recorded 
da i ly t i l l the seed germination was stopped. In f i e l d 
experiment, germination started on 8th day after sowing 
and germination was recorded da i ly t i l l the maximum 
germination was a t t a i n e d . The percentage of seed 
germination was determined by the following formula. 
Germination percentage = No. of seeds germinated ^ ^^^ 
Total No. of seed sown 
The delaying effect of mutagen was recorded on the 
bas is of days taken for germination in t reated populat ions. 
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2.2.7 LDcQ dose : 
Dose of mutagen which caused 50% lethality was 
determined for the different chemical (mutagen) on the 
basis of germination percentage. 
For determination of LDSQ* ^^^ germination 
percentage was put along the vertical axis and 
concentrations of mutagen were placed on horizontal axis. 
The LDcQ dose was obtained with the help of germination 
curve. 
2.2.8 Seedling morphology : 
The parameters selected were morphological 
variations in size and shape of cotyledonary and 
vegetative leaves and height at seedling stage. 
The height of seedlings of control as well as 
treated populations were measured after two weeks of seed 
germination. Height of the plants were measured from the 
soil surface to the growing tip of the main axis for 
shoot length. 
2.2.9 Height injury of seedling : 
Height injury was calculated by the following 
formula : 
Height injury (%) = "^ „^ "^ - x 100 
where, 
He = Height of control plant. 
Ht = Height of treated plant. 
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2.2.10 Mutation frequency : 
The following formula was used to calculate the 
mutation frequency. 
/„\ No. of mutated plants x 100 
Mutation frequency (%) = Total No. of germinated 
plants * 
2.2.11 Plant morphology : 
Morphological observations were noted daily. 
Varient plants were selected on the basis of morphological 
characters. Comparative photographs of plants, pods and 
leaves were taken to show the differences between treated 
and control materials. 
2.2.12 Photographs of seedlings : 
The photographs of seedlings in pots were taken 
after 30 days of germination to show the percentage of 
germination and seedling injury in different treated as 
well as control populations. 
2.2.13 Cytological studies : 
2.2.13.1 Fixation of flower buds : 
For the study of meiosis, flower buds of proper 
size were fixed in Carney's fluid (6 absolute alcohol : 3 
chloroform : 1 glacial acetic acid) for 20-30 minutes and 
then transferred to acetic alcohol (1 glacial acetic acid: 
3 absolute alcohol) saturated with ferric acetate and kept 
for 24 hrs. The flower buds were washed with 70% alcohol 
and preserved in 70% alcohol for further study. 
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2.2.13.2 Slide preparations : 
Anthers were squashed in a drop of 1% acetocarmine 
and temporary slides were made by fixing cover glass over 
the material with the help of wax. These slides were made 
permanent in Canada Balsam by passing through n-Butyl 
acetic acid alcohol - series. The slides were kept in 
incubator at 40°C for 2-3 days for drying. 
2.2.13.3 Meiotic observations : 
Various meiotic observations a t d i f f e ren t s tages 
of c e l l division were made from the permanent s l i d e s with 
the help of a compound microscope. 
2.2.14 Pollen f e r t i l i t y : 
The pollen fertility was estimated from fresh 
pollen grains taken on slides in a drop of 1% 
acetocarmine. The pollen grain which took stain and had 
regular outline were considered as fertile and the empty 
ones without stain and having irregular shape were 
considered as sterile. The percentage of pollen fertility 
in each concentration was calculated by using the formula. 
Pollen fertility (%) = ^°: fJ^^'V^ poUen^rains 
Total No. of pollengrams 
2.2.15 Statistical Analysis : 
Observation recorded on seed germination, seedling 
growth, mutation frequency etc. in different treatments, 
together with the control had been subjected to 
statistical analysis with a view to find out the extent of 
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v a r i a t i o n s induced by the chemical mutagens. 
2 .2 .15 .1 Mean : 
I t i s a measure of c e n t r a l tendency of 
d i s t r i b u t i o n s and defined as the sum of a l l i n d i v i d u a l 
obse rva t ions d iv ided by t o t a l iliumber of o b s e r v a t i o n s . 
Mean (X) = - ^ ^ 
n 
where, x » Individual readings . 
n = Number of obse rva t ions . 
2 .2 .15 .2 Standard d e v i a t i o n : 
It is the positive square root of the average of 
sum of the square of deviations of all observations from 
their means. It is calculated on the basis of following 
formula : 
S.D. (<r) = (x-xi)2 + (x-x2)^+ (x-Xn)^ 
n 
or % 1 ^ 
where, x = Individual reading 
X = Mean of all readings 
n = Number of observations. 
2.2.15.3 Coefficient of Variations (CV%) : 
It measures the relative magnitude of variations 
present in observations relative to the magnitude of their 
arithmetic mean. It is defined as the rate of standard 
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deviation to arithmetic mean expressed as percentage. 
CV (%) = H i ^ X 100 
2 .2 .15 .4 Standard Error (SE) ; 
Standard error i s the d i f ference between two 
sample means. I t i s defined as the standard dev ia t ion of 
sample means. In other word, i t i s the s t a t i s t i c a l 
constant, which measures the d ispersal of the sample means 
around the population mean. I t i s c a l c u l a t e d by the 
formula: 
S E - - ^ 
0RI6IN, TAXONOMV 
AND 
B O T A N V O F P E A 
CHAPTER - 3 
ORIGIN. TAXONOMY AND BOTANY OF PEA 
3 . 1 ORIGIN : 
The various evidences from archeological studies 
indicate that peas have been in use since ancient times. 
The remains of peas have been found in the Swiss Lake 
dwellings of the stone age probably dating back to 3,000 
B.C. The carbonized remains of pea dating back to 
2,700-2,100 B.C. have been reported among archeological 
finds in the Carnovey Province of Ukraine. However, peas 
have not been recovered from the plant remains found in 
Egypt. The Biblical records indicate that this plant was 
not known to Hebrews. DeCandolle (1896) in his "Origin of 
Cultivated Plants" wrote, 'This species seems to have 
existed in Western Asia from the South of Caucasus to 
Persia before it was cultivated. The Aryans introduced it 
into Europe but it perhaps existed in northern India 
before the arrival of Eastern Aryans'. According to him 
'the small seeded peas are still extent in Italy in wild 
state'. Vavilov (1926) listed different centres of origin 
of peas. He regarded Central Asiatic Centre, comprising 
North-West India including Pakistan, Afghanistan and 
Western Tianshan as the birth place of all the legumes 
including peas. He considered the North-Eastern centre 
(Near east including the interior of Asia Minor, the whole 
of Transcaucasia, Iran and the high lands of Turkmenistan) 
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as a secondary centre where other wild species, such as 
Pisum elatius, P. humile and P. fulvum were also found. A 
further support to Vavilov's observations was provided by 
Govorov (1928) who, from a study of peas collected by 
Vavilov (1951) from Afghanistan, observed great 
concentration of diversity and presence of dominant 
characters in the neighbouring regions which provided 
evidence of a possible additional primary centre in the 
north-eastern corner of Africa and a secondary centre in 
the Mediterranian countries. 
With regard to the origin of common pea, Lamprecht 
(1947) put forward a hypothesis that P. sativum is not a 
primary species but has arisen from a tetraploid ^. 
sativum or a relative of this species, which already at 
its rise probably underwent a recombination of the 
chromosomes, and at the same time lost some of them. ^. 
sativum is termed a super mixto species. He also stated 
'But it is not possible (even if a much lower degree) that 
^. sativum has arisen from an allopolyploid species which 
has, undergone recombination and loss of chromosomes. 
During these processes, a number of duplications took 
place and these duplications of certain smaller parts of 
the chromosomes are now the reason for the rather numerous 
cases observed intrachanges' . On the basis of extant 
taxonomic literature and the historic records of the 
cultivated peas, Lamprecht (1956) concluded that P. 
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sativum arose probably in medieval times through a 
mutation to white flower and large seeds in cultivated 
forms of jP. arvense. Further mutations governing stem 
length, pod tenderness and wrinkled seeds are thought to 
have occured later. 
3.2 TAXONOMY : 
The following species of Pisum are recognized as 
valid in the Index Kewensis. 
1- ^. arvense Linn., Pisum Linn. System ed. 1935. 
Sp. PI. 727; Europe, Northern Asia. 
2- P. elatius Bieb. - Fl. Taur. Cane TI. 
Mediterranean countries, Orient. 
3- ^. formosum Alef., in Bonplondia (186) 237, et 
Boiss. Fl. Orient. II 624; Caucasia, Persia. 
4- P. fulvum Sibth & Sm., Fl. Graec. 7, 79t, 688; 
Asia Minor, Syria. 
5- £. humile Boiss et Noe, diag. See. LL, LL, 45; 
Syria. 
6- P. jomardi Schrank, in Flora 4, 1821, 309; 
Egypt. 
7- P. sativum Linn.; Sp. PI. 727; Europe, Northern 
Asia. 
The taxonomic status of these species has been 
often questioned. Thus White (1917) stated that there was 
striking relationship between P. arvense, P. elatius and 
P. jomardi; crosses amongst these produced fertile 
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hybrids. Several investigators hold P. sativum and P. 
arvense to be one species. Govorov (1928) suggested the 
inclusion of all cultivated forms of pea in one species P. 
sativum L. subdivided in to two sub species, viz. sativum 
L. and arvense L. 
Lamprecht (1944) regarded P. abyssinicum, P. 
asiaticum, ^. elatius, T. puschiki and P. tibetenicum as 
geotrophical races of P. sativum. On the basis of 
comprehensive genetical, cytological and taxonomic studies 
of the hybrid progeny of P. sativum and P. abyssinicum, 
Rosen (1944), however, concluded that the two species 
essentially differ in their polygene complement and are 
justifiably regarded as district taxonomic entities. 
Lamprecht (1952) suggested that P. humile was not 
a separate species but regarded it only as a race or 
variety of P. sativum. Menjkova (1954) observed that P_. 
sativum and ^. arvense crossed readily, segregates normal 
and gave fertile progeny. Both these have the same number 
of chromosomes (2n = 14). Lamprecht (1956) observed high 
fertility, segregation ratios and linkage relationship in 
crosses between ^. elatius and P. jomardi on one hand and 
P. arvense on the other, and indicated that the three 
specific names may be regarded as synonyms. 
Tribuchet et al,. (1953), differentiated the 
following sub-species in Pisurn sativum. 
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1- hortense : Flower white. 
2- syrianicum : Leaves with 2-3 pairs of leaflets, 
flowers 15-20 mm in diameter, colour violet or rose. Found 
in Armenia, Syria and Asia minor. 
3- abyssinicum : Flower violet or rose, 15-20 mm in 
diameter, leaves with one pair of leaflets, stipules 
dentate at tip and inner sides. Found in moutaneous parts 
of Abyssinia. 
4- jomardi : Flower violet or rose, leaves with one 
pair of leaflets, flowers 15-20 mm in diameter, stipules 
dentate or only towards base. Found in Egypt. 
5- elatius : Flower violet or rose, more than 20 mm 
in diameter, grain globular, stipules normal. Found in 
European, Mediterranean and South-West France. 
6- arvense : Flower violet or rose, more than 20 mm 
in diameter, grain angular, stem and stipules tinted with 
red. 
3.2.1 Systeaatic position (Classification) : 
Pisum sativum L. is classified by Bentham and 
Hooker (1873-1876) as follows : 
Kingdom - Plantae 
Division - Phanerogames 
Class - Dicotyledonae 
Sub-class - Polypetalae 
Series - Calyciflorae 
Order - Rosales 
25 
Family 
Sub-family 
Genus 
Species 
Sub-species 
Var ie t ies 
- Leguminosae 
- Papilionatae 
- Pisum 
- sativum 
- sativum/hortense and arvense 
- Arkel & Aparna. 
3.2.2 Vernacular naaes 
Pea 
Mattar 
Watani 
Bataahi 
Batani 
Pat tan i 
- English 
- Hindi & Bengali 
- Maratti & Gujarati 
- Telungu 
- Kannada 
- Tamil & Malayalam 
3.3 BOTANY OF PEA : 
While describing the pea plant two main kinds have 
been recognized here being referred to as garden pea 
(Pisum sativum sub-species sativum/hortense) and field 
pea (Pisum sativum sub-species arvense). These are 
characterised by the following features. 
a) Garden pea (PiSUM sativua sub.sp. sativum/hortense) 
Habit - Annual herb, as dwarf as 15 cm. and as 
tall as 150 cm. or more. 
Root - Well developed tap root with many 
slender lateral branches having the 
capacity of nitrogen fixation. 
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Stem 
Leaves 
Inflorescence 
Flowers 
Calyx 
Corolla 
Diffuse furrowed, angular or round, 
f i s t u l a r , glabrous, non-pigraented. In 
' fascia ted' types normal below and 
expanded above. Branching, very 
var iable , some v a r i e t i e s producing 
l a t e ra l s f ree ly , some only r a re ly . 
Pinnately compound, having 1-3 pinnae; 
pinnae oval to oblong, 25-50 mm. long, 
en t i r e with mucronate t i p s . Leaves 
normally green and glaucous; 
non-glaucous, yellow and varegated 
forms also known; the upper pinnae may 
be modified as t e n d r i l s ; the terminal 
pinnae invariably modified in to 
t endr i l though the so-cal led 'acacia 
pea' i s without t e n d r i l s . Stipules 
large, leafy with dentate margins; 
types with reduced s t i p u l e s also met 
with. 
Axillary long-peduncled raceme with 1-2 
flowers having minute bracts and 
bracteoles . 
Large, white in colour. 
5-10 lobed, companulate. 
Papilionaceous; standard la rge , 
orbicular and clawed; the wings claved 
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Androeciura 
Gynoec ium 
wi th a prominent spur; the k e e l s un i t ed 
and broader than the wings. 
- 10 stamens (9 )+ l , d iade lphous with 
uniform oblong a n t h e r s . 
- P i s t i 1 - 1 ; having a sharp ly ben t s t y l e 
and h a i r y on the concave f a c e , the 
ovary s u p e r i o r , one l o c u l e , one 
c a r p e l l a t e and marginal p l a c e n t a t i o n . 
- Pod i s a t y p i c a l legume of v a r i a b l e 
l eng ths and b r ead th , curved or s t r a i g h t ; 
seeds 4-10 in number, normal ly f r e e , 
adhe ren t in the very r a r e , t e s t a t h i n 
and co lou r whi te /g reen . 
P o l l i n a t i o n - Completely s e l f - f e r t i l e . 
b) F ie ld pea (Pisum sativum L. sub-sp. arvense) : 
F r u i t 
Habit 
Root 
Stem 
- Annual h e r b , a s dwarf a s 15 cm. and as 
t a l l a s 150 cm. or more. 
- Well developed tap roo t w i th many 
s l e n d e r l a t e r a l branches hav ing the 
c a p a c i t y of n i t rogen f i x a t i o n . 
- Diffuse furrowed, angu la r or round, 
f i s t u l a r , g l ab rous , non-pigmented. 
Branching very v a r i a b l e , some v a r i e t i e s 
producing l a t e r a l s f r ee ly and some have 
co ty ledonary branchings . 
28 
Leaves 
Inflorescence 
Flower 
Calyx 
Corolla 
Androec ium 
Gynoec ium 
Pinnately compound, sometimes with 
greyish mottling. Peduncles short, oval 
to oblong, normally green and sometimes 
yellow and varegated Leaf axils 
sometimes pigmented, the upper pinnae 
may be modified as tendrils, the 
terminal pinnae invariably modified 
into tendrils. 
Stipules large, leafy with dentate 
margins. 
Axillary long-peduncled raceme with 1-2 
flowers, having minute bracts and 
bracteoles. 
Large, white or purple coloured. 
5-10 lobed, companulate. 
Papilionaceous, purple or lavender 
coloured standards, purplish red wings 
and greenish keels. 
10 stamens (9) +1, diadelphous with 
uniform oblong anthers. 
Pistil-1; having a sharply-bent style 
and hairy on the concave face, the 
ovary superior, one locule, one 
carpellate and marginal placentation. 
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Frui t - Pod i s a typical legume of variable 
length and breadth, curve or s t r a i g h t , 
seeds 4-10 in number, normally free, 
adherent in r a r e , s i ze d i s t i n c t l y 
smaller than those of garden peas; 
angular and gray-green, gray-yellow, 
grey-brown or grey-speckled with darker 
spo t s . 
Pol l inat ion - Completely se l f -po l l ina ted and self-
f e r t i l e . 
CULTIVATION PRACTICES 
OF PEA 
CHAPTER - 4 
CULTIVATION PRACTICES OF PEA 
4.1 CLIMATE : 
The pea crop grows best in areas having cool-
growing season of at least five months' duration. These 
conditions are met with in the plains of Punjab, Western 
Uttar Pradesh, parts of Rajasthan, Delhi and in the hills 
of Kashmir, Punjab, Himachal Pradedsh, Uttar Pradesh and 
West Bengal. In other pea growing areas, as the states of 
Madhya Pradesh, Maharashtra, Karnataka, Andra Pradesh, 
Eastern Uttar Pradesh and West Bengal, the growing season 
is comparatively short and the winter mild. As such, just 
as in the case of other winter crops like wheat, the 
yields of peas in these two zones are significantly 
different, being higher in the northern parts. Although 
pea is not susceptible to cold, yet severe frost injures 
considerably the freshly opened flowers and the young 
developing pods. 
4.2 SOIL : 
Peas can be grown on a variety of soils - light 
sandy to heavy clays. Light soils should preferably be 
used for growing early crops for vegetable purposes but 
for the harvest of dry peas for which main season 
varieties are grown, heavier types of soils such as silt 
loams and dry loams are prefered. Thus best crops are 
grown on deep loamy soils of the Indo-Gangetic alluvial 
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region. Heavy clay soils are not used. Soils able to 
retain sufficient moisture to carry the crop to the stage 
of maturity with the minimum number of irrigations are 
ideal because frequent irrigations often tend to increase 
vegetative growth at the expense of pod formation. The 
plant thrives also under alkaline conditions but does not 
do well if the pH falls below 5.5. The most favourable 
range of pH is between 6.0 and 7.5 and when it is below 
6.0, the land should receive a dressing of lime. 
li.3 MANURING : 
Peas have generally a low nitrogen requirement but 
in other respects, the fertilizer requirements are normal. 
It has been observed that except in soils of very low 
fertility, peas in general do not benefit from an 
application of farm-yard manure. The manuring of peas 
would depend mainly 6n fertility and type of soil. On rich 
or moderately fertile soils, neither organic manure nor 
nitrogen from inorganic sources is necessary. A balance 
between potash and nitrogen is important and potash 
deficiency must be made good. The Indian soils are, 
however, reported to have generally satisfactory potash 
content, but potash may be lacking in light sandy soils. 
It has been the experience in U.K. that even in potash 
deficient soils, it is the application of a complete 
fertilizer which gives the best response rather than the 
application of potash alone. Similarly, if the phosphate 
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content is low, the application of phosphate also gives 
better results in a compound fertilizer. When nitrogen is 
also considered necessary, the compound fertilizer should 
contain 3-5 percent nitrogen. 
In India, peas for the harvest of green pods are 
grown more commonly near cities and towns and the white or 
grey smooth peas are grown for dry peas wherever it is 
possible to fit in the crop in the cropping pattern. The 
vegetable growers usually grow this crop either in the 
field cleared of summer vegetables or in some cases of 
maize, sorghum or pearl millet (bajra). The white, smooth 
peas and to some extent the grey-seeded peas are commonly 
grown as a pure crop in parts of Western Uttar Pradesh, 
under irrigation. Under these conditions, there is hardly 
any existing practice of applying organic or inorganic 
manures to the pea crop. 
4.4 APPLICATION OF FERTILIZER : 
There are usually two methods of applying 
fertilizer ie, by broadcasting and by placement at a 
particular depth in a particular direction. Fertilizers 
are often broadcast before sowing of seeds. In this 
practice better results are obtained when fertilizer is 
broadcast in the early stages of field preparation so that 
it is thoroughly mixed as deeply as possible in the soil 
during the subsequent cultivations. Various experiments 
have shown usefulness of placement of fertilizer in giving 
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increased yields as compared to broadcasting. Thisimakes 
the fertilizer more easily available to the plant roots. 
In this method of application the manure is placed or 
drilled about 5 cm. to one side and 2.5 cm deeper than the 
seed. Another practice which is rather unreliable is that 
of combined drilling of seeds and manure. Especially under 
drier conditions, fertilizers particularly potash applied 
in contact with the seeds may severely affect their 
germination. The placement method is undoubtedly the 
really satisfactory method of applying fertilizer to the 
pea crop. 
4.5 PREPARATION OF LAND : 
Although peas do not grow well on poorly prepared 
soils, a very fine tilth is not quite necessary. What is 
required is a reasonably crumbly deeply worked soil. 
There should be moisture in the bed at the time of 
sowing to facilitate germination. Application of 
irrigation at this stage adversely affects the germination 
and subsequent growth. However, in case of deficiency of 
moisture, it is preferable to irrigate the field before 
sowing. This may not be required in the case of rice lands 
if timely preparation of land is taken up. In the case of 
garden peas, some of the farmers prefer to grow the crop 
by using bed and furrow method. In such a case sowing can 
be done even in moisture-deficient soil for the required 
moisture can be made available by furrow irrigation, after 
sowing. 
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4.6 SOWING AND SEED-RATE : 
Sowing is done by two methods. 
4.6.1 Hand dibbling : 
This is followed in the case of early sowing of 
smooth, green seeded peas. It consists in dibbling the 
seeds by hand on the edges of the furrows on both the 
sides of the bed which is usually 60 cm. wide. This width 
gives sufficient space for the spread of two rows of 
plants of early dwarf varieties. 
4.6.2 Drilling : 
In the case of garden peas, the main sowing is 
usually done by dropping the seeds in the furrows opened 
by a 'desi' plough and the furrows are covered by the 
usual planking. Some farmers drill the seed through the 
'pora' attached to the plough; the furrows in this case 
are not covered. 
The depth of sowing the seed varies from 5 to 7.5 
cm. according to soil moisture. Although wet seed bed is 
to be avoided, peas need adequate moisture; in dry 
seedbeds germination is delayed and is irregular, sowing of 
overnight soaked seeds improves germination. Inoculation 
of pea seeds with pea nodule bacterium culture is 
recommended when peas are planted for the first time and 
also when the crop is to be grown on a poor soil. The 
culture material is emulsified in a small quantity of 10 
per cent sugar or 'gur' solution sufficient to moisten the 
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seed. The seed is then heaped on a clean floor and 
moistened and mixed thoroughly with the solution. The 
moistened seed is then spread in a thin layer in shade to 
dry and sown in the field in the evening or a cloudy day. 
in the dibbling method which is practised in the case of 
rather costly seeds of early varieties, about 125 kg. are 
required to sow one hectare. In the case of main season 
vegetable varieties which are usually wrinkled and 
bold-seeded, when sown in the furrows about 37.5 cm. 
apart, a seed-rate of 50-62.25 kg. is used. In the case of 
smooth, white-seeded varieties, grown for the harvest of 
dry peas, about 75 kg. per hectare is the usual seed-rate. 
4.7 TIME OF SOWING : 
The sowing of garden peas commences during the 
first fortnight of October and continues till November in 
the plains of Northern India. If weather permits, some 
growers make first sowing of hardy round-seeded varieties 
during the second fortnight of September. On the other 
side a late sowing is made up to about the middle of 
December. In the hills of Northern India, the spring 
sowing commences in February and another sowing is made 
for autumn harvest during the rainy season. For the 
over-wintering crop, sowing is made during 
October-November. 
In some parts of peninsular India, besides the main 
sowing, an additional sowing is made during June-July. In 
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the southern states, peas are cultivated mainly in the 
hills where as in north India, three sowings are made 
during March-April, August-September and November-December. 
For field peas, there is normally one main sowing 
and the sowing period extends from mid-October to end of 
November. 
4.8 SPACING : 
The spacing to be followed varies with the variety, 
the taller being given wider spacing; the early crop is 
sown more thickly to allow for losses caused by rather 
unfavourable conditions. In India, hardly any tall-growing 
garden pea varieties are commercially cultivated. The 
early sown dwarf varieties are spaced about 22.5 cm. to 30 
cm. between rows and 3.75 cm. to 5 cm. between plants. The 
self-stalking medium tall varieties with the usual furrow 
sowing method are given a row spacing of about 30 to 37.5 
cm. under non-irrigated conditions and from 45 to 60 cm. 
under irrigated conditions. 
4.9 IRRIGATION : 
In the case of garden peas, if furrows and bed 
system is used, watering will have to be done more 
frequently than in case of flat bed system. In the former 
case, irrigation may have to be given soon after sowing 
for germination and subsequently irrigation would be 
required every fortnight or so depending upon the type of 
soil. The common practice, however is to sow in flat beds 
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in optimum moisture and irrigate the crop only at the 
commencement of flowering. Some farmers however, do not 
irrigate the crop so that surface does not form a crust 
and proper aeration is possible. 
In the case of field peas, it is mainly tall 
varieties which are grown for pure crop of peas. These are 
sown either in paddy lands after harvest of paddy or in 
lands which get inundated during the rainy season but 
which become available after water recedes. Such crops are 
usually not irrigated. The crop grown in canal irrigated 
lands, especially in western Uttar Pradesh, is given 2-3 
irrigations during the growing season. The small grey or 
white-seeded field peas are usually sown as companion crop 
with wheat, especially in parts of Bihar and Madhya 
Pradesh in the 'barani' (rainfed) lands. 
4.10 HARVESTING : 
The green pods for the market are hand picked. 
Therefore, it is necessary that adequate labour should be 
available in commercial pea-growing areas. Most commercial 
pea growers in Punjab, Delhi and Uttar Pradesh dispose off 
the standing crops to the contractors who engage their own 
pickers. Usually female pickers are employed who pick 
about 37 kg. per head per day. In India, the usual 
practice is to make periodical pickings from the same crop 
although in some of the European countries harvesting is 
also done by pulling out the plant and then stripping the 
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marketable pods. In the former method it is possible to 
harvest well graded pods. For purpose of canning and 
dehydration which are more commonly done in some other 
countries, the harvesting is usually done by a pea viner. 
In India, however, it is the hand-picked pods which are 
supplied to the small factories handling peas for canning 
and dehydration. Green peas are usually packed in gunny 
bags and the:use of crates and special baskets is not in 
vogue. Ordinary baskets of bamboo or sticks of 'arhar' 
and mulberry are also used in some of the areas. The 
usual experience is that for transporting peas to distant 
markets, especially during the summer months, baskets are 
more suitable than gunny bags. 
4.11 YIELD : 
The yield of green pods varies with the variety, 
climatic condition, soil, manuring and irrigation. 
However, individual plots in the case of early varieties 
would yield 27.75 to 37 quintals and main season varieties 
74 to 92.5 quintals per hectare. The main season 
wrinkled-seeded garden pea varieties may yield from 23.12 
to 27.75 quintals per hectare for dry peas. Amongst the 
smooth-seeded field peas, varieties such as T-163 are 
expected to yield about 27.75 quintals of dry peas per 
hectare where as the drawf grey-seeded varieties may yield 
only 462.8 kg to 647 kg. per hectare. 
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4.12 USES : 
Peas are consumed both in the fresh form as 
vegetable and in the dried form as a pulse. 
The shelled green peas are also utilized for 
preparation of canned peas, frozen peas and dehydrated 
peas. 
The tall-growing peas chiefly of the round, white 
or grey-seeded types, are grown as a companion crop with 
oats fbr green fodder. Field peas are grown along with 
oatsfor making silage or hay and also for pasturage. The 
pea vine is also used for making silage which contains on 
an average 7.1% digestible protein and 57.8% total 
digestible nutrients on dry matter basis. 
Hie active principle of pea oil, m-xylohydroqui 
none diminishes spermatogenesis in males. It has no toxic 
effects and has no abortifacient action whatsoever. It's 
use as an oral contraceptive was indicated. 
A potent hyperglycaemic extract from the testa of 
pea seeds; an extract from the whole pea when fed to 
rabbit was effective in lowering the blood-sugar level and 
in reducing alimentary hyperglycaemia. 
4.13 PROCESSING : 
Green peas are processed in various ways; these may 
be sun-dried, mechanically dehydrated, canned or frozen. 
Sun-drying is reported to be done on a small scale in 
Uttar Pradesh. This product is generally sold to the 
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canners. Dehydration of green peas has also been 
undertaken in India on a small scale in Uttar Pradesh. 
Canning is also mostly done in Uttar Pradesh, which is the 
biggest producer of green peas in India. Canned peas are 
mostly used by the army and are also gaining popularity 
with the civilians.. 
In foreign countries, canning of green peas has 
been developed to a considerable extent and it is almost a 
fully automatic process from the field to the final 
packing. In India, however, the picking of green pods is 
done by hands. In the factory also the pods are shelled 
manually. A few factories have set up pea hullers for 
shelling the pods. The shelled peas are blanched (by 
putting in hot water for a short time) to inactivate 
enzymes and reduce microbes.. The blanched peas are filled 
into cans and covered with hot brine solution with 2.5% 
salt and 2-4% sugar, depending upon the stage of maturity 
of peas. If green peas are to be canned as curried peas 
the usual spices in the form of curry and hydrogenated oil 
are mixed and added with suitable amount of brine to cover 
the inter-spaces in the cans. 
The pods of some varieties called edible podded or 
sugar-podded, are chopped like those of French bean or the 
garden 'lablab' so that the entire pod is utilized. The 
edible-podded peas are hardly known in India; but in view 
of their nutritive value these deserve to be grown on a 
commercial basis in India. 
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The round smooth-seeded field peas of various 
colours are used as pulse mostly in the split form. Dry 
peas are also used for making 'besan' (flour) as a 
substitute for gram 'besan'. In northern India, the smooth 
white dry peas are also used like gram for the savoury 
dish, popularly known as 'chat'. 
4.14 DISEASES AND CONTROLS : 
Several diseases of pea plants caused by fungus and 
pests are reported. 
4.14.1 Fungus diseases and control : 
Amongst the diseases of peas in India, the more 
important are fusarium foot rot (Fusarium orthoceras Var. 
pisi), which is distinct from wilt disease (Fusarium 
oxysporum f. pisi) and affects the stem below the surface 
of the soil, the fungus persists in the infected vines and 
the soil. The wilt disease causes considerable damage when 
the crop is sown early and on light soils. The fungus 
lives in the soil and it may also be carried by the seed. 
The only effective way to prevent the disease is to grow 
wilt resistant varieties, such as 'Delwiche commando', 
'Bonneville', 'Early perfection* etc. 
The powdery mildew (Erysiphe polygoni) usually 
appears at the late stage of crop when the temperature 
starts increasing. Dusting the crop with fine sulphur dust 
at the rate of 16.9 kg per hectare is cheap and effective 
method of controlling the disease. 
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Rust (Uromyces fobae) is common in Indo-Gangetic 
plains. The pustules appears on the leaves, stem and pods 
during February-March. The disease developed quickly 
undelr high humidity and moderate temperature. Crop 
rotation, destruction of diseased plant debris and 
treatment of seeds with organomercurials have been 
recommended for the control of this disease-
4.14.2 Pests and controls : 
The leaf-eating caterpillar (Lapphygma exigua H.) 
feeds on the leaves, generally during morning and evening 
and in serious cases of attack defoliates the plants. 
Dusting the crop with 5 per cent BHC at 15-20 kg. per 
hectare controls the pests. 
The larvae of the pod borer (Heliothis obselata 
P.), eat away the leaves and bore in to the pods eating up 
the seeds. It can be controlled by spraying endosulfan 
(0.07%) once or twice at the fruiting stage. 
The pea aphids (Microsiphum pisum K.) suck the 
cell sap which results in yellowing and subsequent drying 
of leaves. It can be controlled by, 
i) Periodical spraying with 40 per cent nicotine 
sulphate (1 part in 800 parts of water) and 1.35 to 
1.80 kg. of soap per 416 litres of spray at an 
interval of 10-15 days, 
ii) Spray with tobacco decoction. 
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The pea thrips (Thrips indicus H.) cause damage to 
flowers and pods. The control measures are the same as 
those of pea aphids. 
The larvae of the leaf miner (Phytomyza 
articopnis), mine the leaves and make silvery lines on 
them. These can be controlled by spraying the crop with 
0.05 per cent nicotine sulphate (40 per cent). 
Besides the above pests, there are also pests of 
the stored grains, viz. the bruchids. The eggs are laid on 
the surface of the seed and the newly hatched grubs bore 
through the setds in which a circular hole appears near 
the surface of the grain, leaving only a thin outer 
membrane as covering. It pupates inside the grain. For use 
as seed, the seeds may be chemically treated with 
insecticidal dusts, such as , Disulfotone. For storing 
grains for human consumption, fumigation with 
methylebromide is usually recommended. 
4.15 SOME PROMISING VARIETIES : 
Several good varieties of garden peas as well as 
field peas are already in cultivation in India. Important 
varieties are early smooth-seeded Asauji, Lucknow Boniya, 
Alaska, Early Superb, Early Badger, Yates Early Crop, 
Little Marvel, Kelvedon Wonder, Early December, Kanawari, 
Bonneville, T.19, Lincoln or Green feast, Delwiche 
Commando, Khapar Kheda, N.P.29, Duke of Albony, T.163, 
Mahandorfer (Early Yellow Victoria), Victoria, B.R.118, 
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B.R.2, Rimpus, B.R. 178, Aureol, Hala, Maple pea, Vinco, 
Zelka, Emigrant, Big Ben, Harrison Glory, Sylvia, Arkel, 
Aparna, PM-5, Pant Pea-5, Rachna etc. 
REVIEW OF 
LITERATURE 
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REVIEW OF LITERATURE 
This chapter deals with earlier investigations on 
pea (Pisum sativum L.) and other related crops with respect 
to cytology, genetics, hybridization, polyploidy and 
induction of mutation. A critical survey of literature 
indicates that inspite of great nutritional and economic 
importance of pea, a little attention has been paid to the 
genus Pisum than the other pulse crops. 
5.1 MUTATION BREEDING : 
The utilization of induced mutations for crop 
improvement is known as mutation breeding, and this idea is 
quite old one and is used for crop improvement. The various 
evidences indicate that induced mutations rarely produce 
new alleles, they produce alleles which are already known 
to occur spontaneously or may be discovered if extensive 
searches are made. Induced mutations have a great advantage 
over the spontaneous one. They occur at the relatively 
higher frequency so that it is practical to work with them. 
5.1.1 History : 
The term mutation was introduced by Hugo de Vries 
in 1900 and the occurrence of sudden changes in the races 
was suggested (1901) in Oenothera lamarckiana. He proposed 
the use of radiation for the induction of mutation. Gager 
(1908) applied X-rays for the induction of mutation in 
vegetative cells. Morgan (1911) observed spontaneous 
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mutation in Drosophila. Nilson-Ehle (1914) suggested the 
possibilities of inducing mutations. Muller (1927) 
discovered the induced mutability and its frequency in 
Drosophila by X-rays. This was the first successful attempt 
for which Miller got Nobel prize in 1946. Attenberg (1928) 
showed that the frequency-of translocation ihduc«i-by raidiation. Stadl^ r 
(1928) got success with X-rays in barley (Hordeum vulgare) 
and maize (Zea mays). Goodspeed (1929) also got success 
with X-rays in Datura and Nicotiana. 
Delaunary (1932, 1934) used X-rays for the 
induction of mutations. The radiation genetics rapidly 
developed into an inventive section of biology with the 
invention of Gene Theory. Several types of ionizing 
radiations, viz.. X-rays, gamma rays, protons, fast and 
thermal neutrons, alpha and beta particles have been shown 
to have mutagenic properties. The only non-ionizing type of 
radiation carrying mutagenic potential is ultraviolet (UV) 
radiation, of these gamma rays are considered more suitable 
for induction of mutations in plant because they have a 
-13 -11 
shorter wave length (10 - 10 cm ) and therefore, 
possess more energy per photon. These rays are also capable 
of deep penetration in the tissues. 
Mutation is one of the important factors which play 
a great role in the evolution of plants and formation of 
new species. The role of mutations in evolution was 
emphasized by Baur (1924). The evidences given by Buzzato 
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Traverse (1955) on the possibilities of increasing the 
rate of evolution towards better adaptability to special 
environment in population and by Gregory (1955) on the 
possibility of improving the response in pea nuts to 
artificial selection for quantitative traits have opened 
the new field of the use of radiation in plant breeding. 
Benzer and Freeze (1958) analysed mutagen 
specificities in micro organism and viruses. Freeze eji al_. 
(1961) reported that mutagen specificities also occur in 
plants. Substitution and chromosomal re-construction 
clearly demonstrated by Sears (1956) are now valuable tools 
in planned plant genetics and breeding (Gustafsson, 1969). 
Immediately after Muller's discovery in 1927, 
mutation breeding programmes were initiated in Sweden, 
U.S.S.R. and Germany. The Swedish mutation breeding 
programme was started in 1929 by Nilsson-Ehle and 
subsequently continued by Ake Gustaffson and coworkers. The 
Swedish programme is perhaps the most extensive, covering 
several crop species, and much valuable information has 
come out of the programme. Mutation breeding attracted 
considerable attention during 1950s and 1960s and several 
countries took up research projects in mutation breeding. 
Another important milestone in the history of 
mutation breeding is the discovery of induced mutation and 
chemical mutagens during the second world war. So the use 
of chemical mutagen is recent in origin and they have been 
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used extensively only during the last decade in India and 
other countries of the world. 
Chemical mutagenesis for the first time was tried 
by Schiemann (1912) on Aspergillus niger. Although the 
claims of successful induction of mutation with chemicals 
were made long back but conclusive results were obtained by 
Auerbach and Robson (1942) and Oehlkers (1943). Auerbach 
and Robson (1942) induced 'gene mutation' in Drosophila 
melanogaster after using mustard gas and Oehlkers (1943) 
studied the induction of chromosomal translocation in 
Oenothera lamarckiana by urethene. A large number of 
chemical compounds are known as to possess mutagenic 
qualities and their number is continuously increasing, 
these substances have been broadly divided into many 
categories. 
5.1.2 Mode of action of chemical autagens: 
The mode of action of chemical mutagens varies to a 
great extend from one group of chemical mutagens to 
another. The changes in DNA molecule produced by mutagens 
may be mutagenic or inactivating. Mutagenic changes do not 
prevent replication, produce change in one or more 
nucleotides and do not induce chromosomal aberrations. They 
result from changes in hydrogen bonding properties of bases 
or from mistakes in base pairing during DNA replication. 
The events at the molecular level are either substitution 
(transition and transversion), deletion or insertion of 
49 
bases. Deletion and insertion often produce frame-shift 
mutations since they usually change the sequence of bases 
in all the codons that follow the point of deletion or 
insertion. Inactivating alteration prevents DNA replication 
across the altered site, induce chromosome breaks and 
chromosome mutations. The inactivating alterations include 
removal of bases, dimer formation, cross linking of the two 
DNA strands and single or double strand breaks. 
The mechanism of action of alkylating agents is 
described in some detail. The alkylating agents have one, 
two or more reactive groups that react with DNA, hence they 
are known mono- di- or polyfunctional, respectively. EMS is 
mono-functional akylating agent. Poly functional or 
sometimes even mono-functional agents cause extensive 
cross-linking of DNA, chromosome breaks, chromosome 
mutations and gene mutations. 
Alkylating agents such as nitrogen and sulphur 
mustards, methyl andethyl methane sulphonate (MMS and EMS), 
nitroso guanidine (NTG) and many others have several 
effects on DNA. One major mechanism of mutagenesis by 
alkylating agents involves that transfer of methyl or ethyl 
group to the bases such that their base-pairing potentials 
are altered and transition results. For example, ethylation 
at the 7-N position and at the 6-0 position are believed to 
be two effects of EMS. 7-ethylguanine is then believed to 
base-pair with thymine. Other base alkylation products are 
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believed to somehow 'activate' repair processes in much the 
same way as thymine dimers do. The occasional errors 
occurring in these repair processes may lead to 
transversion and frame-shift mutations in addition to 
transitions. So the alkylating agents induce all types 
of mutations, including transitions, transversions, frame-
shifts, and even chromosome aberrations with various 
relative frequencies, depending upon the specific 
alkylating agent employed. 
5.1.3 Ethylnethane sulphonate (EMS) : 
This is one of the commonly used chemical mutagens. 
The chemical formula for ethylmethane sulphonate (EMS) is 
CnHgO^S and the structural formula is CH-CH2-O-SO2-CH2. 
EMS is monofunctional alkylating agent supplied by 
Koch light Laboratories Ltd. Coinbrook (England). It causes 
alkylation of phosphate groups in DNA as well as the bases, 
the most frequent event being the formation of 7-alkyl-
guanine. The molecular weight of EMS is 124. 
5.1.4 Dimethyl sulphate (DMS) : 
Like EMS, DMS is also alkylating agent in which two 
methyl groups are present. Chemical formula of Dimethyl 
sulphate is C2HgO^S and the structural formula is 
CH2-O-SO2-O-CH3. The molecular weight of DMS is 126. 
5 .1 .5 Sodium azide(SA): 
Sodium azide (SA), i s a respiratory i n h i b i t o r and 
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induces point mutation through a base transition mechanism 
on replicated DNA. The chemical formula of sodium azide is 
NaN,, and the structural formula is Na -N~-N=N. The 
molecular weight of sodium azide is 65. 
For the crop improvement, there are several 
methods. Generally, hybridization, selection, induction of 
polyploidy colchiploidy, mutation breeding etc. are used. 
After assessing the literature, it is clear that least 
attention has been paid to pea, when compared to other 
pulse crops. 
Some of the earlier investigations on various 
important aspects of pea (Pisum sativum L.) and related 
plants have been described below. 
5.2 STUDIES ON PEA (Pisum aatlvum L. ): 
Gregor Johann Mendel, the father of genetics had 
started his work with garden peas (Pisum sativum), so 
Pisum has an important place in the study of genetics and 
breeding- Peas are one of the most important legume seed 
crop cultivated all over the world, and much work has been 
done on it. 
5.2.1 Combining ability/Hybrid vigour/Yield and Yield 
component: 
Singh and Singh (1970) conducted an investigative 
study to see the extent of heterosis in field pea with six 
varieties and found that the three crosses gave 
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significantly greater yield than their respective better 
parents. The hybrid T. 163 x EC 4658 exceeded in yield 
over the best parent under the study by 26% margin. The 
magnitude of heterosis was high in traits like branches pex 
plant, pods per plant, length of the main branches and 
days to flower. 
Kumar and Das (1974) carried out a quantitative 
genetic study of the inheritance of yield and its certain 
components with five varieties of garden pea and found 
that both additive and non-additive genetic components 
were significant for number of primary branches, pod 
length and 25-seed weight although the former was 
predominant in the first two traits while non-additive 
component was high in 25-seed weight. 
Narsinghani et^  al_. (1978) studied genetic 
divergence of yield in diverse populations of peas and 
found that the seed size, height and days to maturity were 
the important forces contributing towards the divergence. 
They also indicated that the geographical and genetic 
diversity were not related. 
Venkateswarlu and Singh (1981) crossed ten diverse 
cultivars of pea (Pisuni sativum) in diallel and evaluated 
parents, F^^ and F2 individuals for five quantitative 
characters. They found that all traits except plant height 
showed considerable heterosis and inbreeding depression. 
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Venkateswarlu and Singh (1982a) studied the 
inheritance of seed number and seed weight in pea and 
found that additive inheritance was important in 
determining the seed number and seed weight in pea. They 
also found that the best cross would be the one which 
involved one good and one poor parent. Again they (1982b) 
crossed ten diverse cultivars of pea (Pisum sativum L.) in 
all possible manner and found that GCA were predominent in 
both Fj and F2 generation. T-163, P-206 and SZ were the 
best general combiners for seed yield and most of the ten 
crosses showing significant positive SCA effects involved 
one good and one poor, or even negative general combiner. 
Dubey and Lai (1983) studied combining ability 
through 10 X 10 diallei in Peas and found that general and 
specific combining ability variances were significant. 
They also found that additive genetic variance was higher 
than dominance variance for all the characters. 
Venkateswarlu and Singh (1983) studied combining 
ability over environments in pea and stated that studies 
made over environments (years) revealed that both GCA and 
SCA were influenced by environments. 
Harper and Gibson (1984) studied the differential 
nodulation tolerance.among 8 legume species and found that 
it was 69% in pea (Pisum sativum L.). Singh et^  al_. (1985) 
studied path coefficient in pea (Pisum sativum L. ) and 
reported that out of 10 quantitative traits in F. and F^ 
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progenies, only pods per plant, 100-seed weight, seeds per 
pod and harvest index were the main yield components 
affecting yield directly. Protein content had negligible 
effect on seed yield. 
Singh et al^ . (1985) studied the general and 
specific combining ability for yield components and 
protein content in pea and reported that F. and F2 
generations showed significant additive and non-additive 
genetic effects for all the characters and parents T-163, 
6113 and P209 were good general combiners for yield and EC 
33866 and BR-12 for protein content. The highest mean 
performance and 'sea' effects were recorded in T163 x EC 
33866 and BR12 x P209 for yield and protein content, 
respectively. 
Singh and Singh (1986) reported that two crosses 
of Pisum sativum L. (T163 x EC 33866 and T163 x 485) 
showed epistatic component for seed water absorption 
capacity and protein content. The additive component was 
more important for grain yield in cross T163 x EC 33865. 
Katiyar e^ al. (1987) studied the combining 
ability for phenological and physiological traits in pea 
and stated that best cross combination did not necessarily 
involve parents of high general combining ability. Rao and 
Narsinghani (1987) studied the heterosis of peas in 10 
genotypes and stated that there was positive 
non-significant relationship between genetic divergance of 
\^no ""^r, ^^x 
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the parents and hybrid perforrofnca rcryield per plant. 
Sirohi and Gupta (1993) studied the additive, 
dominance and epistatic components of variation for seed 
protein content in pea with 16 elite lines of peas by a 
triple test cross (TTC) and line x tester analysis and 
found that in both methods the seed protein content 
governed by both additive and dominance genetic variances, 
the former being preponderant and the latter was 
ambidiractional. They also found that the lines HPPC 84, 
HPPC 43, Kinnauri and HPPC 91 were good general combiners, 
while HPPC 91 x HPPC 63 and HPPC 43 x HPPC 63 were 
promising which showed consistancy in subsequent 
generations also. However, the plants selected in Fo 
generation showed positive correlation with their 
progenies in F, and Fc generations for seed yield, pods/ 
plant, 100-seed weight, harvest index and reaction to 
powdery mildew. Hence, they concluded that selection for 
polygenic traits like seed yield should preferably be done 
after F2 generation and selection for monogenic or 
oligogenic traits like resistance to powdery mildew could 
be practised in Fj generation itself. 
Singh (Bt al^ . (1994) studied the potentialities of 
heterosis breeding in pea and found that dry seed yield 
heterosis of 66 hybrids had been up to 68%. Heterosis for 
yield was generally accompanied by heterosis for 
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pods/plant. They also noted T163 x Bonneville and T163 x 
Sel-2 as promising heterotic crosses. 
5.2.2 Cytology/Genetics : 
Yadav et^  al. (1983) studied the inheritance of 
petaloidy and its association with plant height and 
maturity in pea, after crossing Early December (petaloid) 
as male and two normal flower - late maturing varieties 
(479B and 172M) as females. They found that the normal 
flower condition was dominant to petaloid (Pst) and 
observed 12 late: 3medium : 1 early maturing ratio in the 
F^ generations. 
Mayers et^  al^ . (1984) reported the production of 2n 
pollen and characterized the calyx carpellaris (CC) traits 
in pea. They found that mutant produced varying amount of 
2n pollen via parallel spindles during meiosis II. 
Singh and Tripathi (1985) analysed genetic 
variability of 100 pea germplasms collected from different 
geographical sources and grouped them into 14 clusters and 
found that the grouping of varieties in different clusters 
was not related to their geographical origin. 
Cardi £t al. (1987) studied some allelic and 
non-allelic interactions of genes in pea and reported that 
the 'af' gene was partially dominant for number of fertile 
nodes, number of pods and seeds and yield per plant and 
'tlw' gene affected only leaf weight and number of basal 
branches and showed over dominance for the latter trait. 
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Katiyar and Ram (1987) studied the inheritance of 
resistant to rust in four resistant lines, viz. 179, JP4, 
Batri brown and Pea 9 by crossing them with susceptible 
testers, viz., T16 and Hanz and found that the dominance 
of resistance was in 3:1 (resistant : susceptible) 
segregation ratio in F- generation and indicated that 
resistance was controlled by a single dominant gene in 
each of four occasions. 
Singh £t al^ . (1987) genetically analysed the yield 
and protein component in pea and reported significant 
additive and non-additive genetic effects for all the 10 
characters studied, and the parents T163 and P209 were 
good general combiners for yield and E 33866 and BR12 for 
protein content in F^  and F2 generation. 
Kaul and Anjali (1988) studied the leaf mutants of 
pea and found that gene 'acacia' replaced tendrils by a 
terminal leaflet, 'afila' replaced leaflets by tendrils 
and 'cochleata' replaced stipules by spoon shaped 
appendages. They also noticed the somatic chromosome 
number 2n=14 in all the mutants and recombinents. Price e^ 
al. (1988) studied the effect of the 'gp' gene on fruit 
(yellow podded) development in pea and found that the main 
effect of the gene was on the mesocarp, where the 
chlorophyll concentration was depressed to less than 5% of 
that in normal green pods allowing considerably higher 
light transmission through the pod wall. However, the 
58 
higher light levels transmitted to this layer in yellow 
pods co-related with a higher chlorophyll a:b ratio 
compared with that in the green pod. 
Goldman and Grit ton (1992) studied the evaluation 
of the 'afila' tendrilled 'acacia' (afaf-tactac) pea 
foliage type under high competition and reported that the 
'afila* (af) gene replaced pea leaflets with tendrils and 
the tendrilled acacia (tac) gene restored small leaflets 
to the tendrils of 'af plants. 
Mukhopadhyay (1993) tried to localize DNA in the 
nucleolus associated bodies (NABs) of Pisum sativum using 
DNA specific staining and labelling with anti-DNA 
techniques and found that NABs did not contain any DNA, as 
they showed negative response to DNA specific stains and 
also when incubated with anti-DNA they were almost devoid 
of any gold particles. 
Kaul and Nirmala (1993) studied the male sterility 
in pea and found that the dys-synapsis, involving lack or 
impaired synaptic pairing in a 0.05% dES induced mutant 
lead to abnormal male meiosis involving pre-mature 
chiasmata terminilization, nucleolar multiplication, 
univalency, unequal and irregular chromosome disjunction 
at AI and All, unequal triads and tetrads and coenocyte 
formation which resulted in degenerated microspore 
formation rendering the mutant total male sterile. They 
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also found a single nuclear recessive gene 'msg 4', 
non-allelic to the other 'msg' genes was controlling the 
anomally. 
Nirmala and Kaul (1993) studied a /'-ray induced 
male sterile mutant of pea and found that the 'ms' gene 
inhibited meiotic initiation or arrested male meiosis 
either during pachytene, diplotene, prophase II or 
telophase II or permitted their progression until 
microspore formation. The meiosis in PMC was abnormal and 
showed chromatin and/or nucleolar degeneration, nucleolar 
fragmentation or multiplication, sticky, clumped or 
clustered bivalency, chromatid breakages and irregular 
reunions, chromosomal stickiness and unequal disjunction, 
abnormal monads to tetrad formations and complete 
microspore abortion. They also noted that the gene 'msg 3' 
causing these anomalies was non-allelic to the other 'msg' 
genes. 
Rana and Gupta (1993) studied the response to 
selection and early generation evaluation in pea and found 
that the plants selected in Fp generation did not show any 
correlation with their progenies in F, and F, generations 
for all the traits except resistance to powdery mildew 
disease with meiotic arrest in one third of the PMCs, in 
the remaining PMCs, the meiosis was highly abnormal, the 
main meiotic anomalies being dys-synapsis, incipient MI 
plate formation, irregular AI and All disjunctions and 
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unequal sized dyad, tetrad and polyad production. All the 
microspores formed degenerated and the mutant was 
completely male sterile. 
Nirmala and Kaul (1994a) isolated two male sterile 
mutants 'msg 5' and 'msg 6* from the Mj progeny of 4 hrs 
0.05% EMS and 0.1% DES treated seeds of Pi sum sativum 
varieties Bonneville and Arkel, respectively. The 'msg 5' 
gene acted during heterotypic division (at diakinesis) and 
the 'msg 6' acted during homotypic division at (prophase 
II) male meiosis. The 'msg 5' gene arrested male meiosis 
predominantly at MT diakinesis, the 'msg 6' gene induced 
anomalies during P II, that lead to abnormal triad and 
tetrad formations. Both the mutants, hence fully male 
sterile but did not disturb the female fertility. 
Nirmala and Kaul (1994b) induced monogenic 
recessive male sterile mutant in pea by Y^-ray treatment 
which showed two track male meiosis. They noted that 'ms' 
gene caused cytomixis and meiotic arrest in one third of 
PMCs and the meiosis in remaining cell was highly 
abnormal. 
5.2.3 Colchiploidy : 
Mercy Kutty and Kumar (1983) got 10-15% 
tetraploids by colchicine induction in four diverse 
cultivars of pea. Large seeded cultivars, T 16 3 and 68C 
gave more tetraploids than small seeded ones. Tetraploids 
were characterized by large stomata, flowers, seeds and 
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pod width and delayed flowering and maturity by 10-15 days 
while stomata frequency and pod length showed reduction. 
Both bivalents and quadrivalents were prominent in 
tetraploid and chromosome abnormalities were more in T163-
tetraploid. Pollen and ovule sterility were high (33-85% 
and 24-80%) in tetraploid than diploids (0.7-5% and 
0.5-3.2%). Ihey also noted high pollen and ovule sterility 
(16-56% and 7-56%) in colchicine treated diploids but had 
no chromosome abnormality. 
5.2.4 Mutation breeding : 
Gottschalk and Pa til (1971) studied the reaction 
of Pisum mutant to different climatic conditions and 
stated that in Bonn (Germany) the seed yield of the 
fasciated mutant 489C ranged from 132-192% in 6 subsequent 
generations and in India (Bombay), flowering and ripening 
of this mutant was extremely delayed. Das and Kalloo 
(1972) isolated three interchange-trisomic plants from M^ 
generation of gamma induced pea variety, T. 163. 
Hadwiger et^  al.. (1976) isolated sodium azide 
induced mutants of pea plants in M-2 generation, which 
accumulated pisatin in the absence of an externally 
applied inducer. 
Setia and Kaur (1985) studied the variations in 
pea pod wall structure in response to applied growth 
regulators and found that the thickness of the pod-wall, 
number of wall layers and cell size decreased due to the 
spraying of 2,3,5-triiodobenzoic acid (TIBA), Ethrel and 
Morphactin. 
OBSERVATIONS 
CHAPTER - 6 
O B S E R V A T I O N S 
In the present investigations, the effect of chemical 
mutagens (EMS, DMS & SA) on Pea (Pisum sativum L.) vars • 
Arkel and Aparna has been studied. In these experiments, 
percentage of seed germination, inhibition, shoot length, 
shoot injury, pollen fertility/sterility, pollen size, 
number of branches per plant, number of pods per plant, pod 
size, number of seeds per pod, 100-seed weight and meiotic 
abnormalities have been studied in M- generation. 
Variability induced by these chemical mutagens with 
respect to seed germination and seedling growth were 
analysed statistically to assess extent of variation in 
treated seeds. 
Mutants were selected from the treated populations on 
the basis of their morphological and meiotic variations. 
6.1 SEED GERMINATION IN BOD EXPERIMENT : 
The seeds of pea (Pisum sativum L.) vars. Arkel and 
Aparna, treated with different concentrations of chemical 
mutagens (EMS, DMS and SA) were sown in petriplates which 
were kept in BOD incubator. The germination of seeds 
started on second day of sowing. Ihe total number of seeds 
germinated were counted after one week of sowing and 
percentage of germination for control as well as treated 
seeds was calculated for both the varieties and presented 
in Tables 1-3. 
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6 . 1 . 1 Treatment with Ethyl methane sulphonate (EMS) : 
In v a r i e t y Arke l , t he maximum germinat ion (100%) was 
recorded in 0.01% and 0.02% EMS, while the c o n t r o l 
popu la t ion showed on ly 93.33% germinat ion . The minimum 
germinat ion (53.33%) was noted i n 0.1% c o n c e n t r a t i o n . 
In v a r i e t y Aparna, the maximum germina t ion (100%) 
was recorded in 0 . 0 1 , 0 .02 and 0.03% t r ea tmen t s a s we l l a s 
in c o n t r o l popu la t ion . The minimum germinat ion (60%) was 
recorded i n 0.1% c o n c e n t r a t i o n . The lower c o n c e n t r a t i o n s of 
EMS encouraged the ge rmina t ion (Table 1 and F i g . l ) . 
6.1.2 Treatment with Dimethyl sulphate (DMS) : 
In v a r i e t y A r k e l , hundred percen t ge rmina t ion was 
found in lower c o n c e n t r a t i o n s ( 0 . 1 , 0.2 and 0.3%) and i t 
was 66.67% in 1.0% c o n c e n t r a t i o n of DMS. 
In va r i e ty Aparna, h i g h e s t germinat ion (100%) was 
found in lower c o n c e n t r a t i o n ( 0 . 1 , 0.2 and 0.3%) of DMS and 
i t was decreased to 73.33% in 1.0% DMS. 
Here a l s o , t he lower c o n c e n t r a t i o n s of DMS had 
enhanced the ge rmina t ion percentage and h i g h e r 
c o n c e n t r a t i o n s had r educ ing e f f e c t (Table 2 and F i g . 2 ) . 
6 . 1 . 3 Treatment with Sodium a z i d e (SA) : 
In v a r i e t y Arke l , the maximum germinat ion (100%) was 
recorded in 0.02% t r ea tmen t whi le the minimum germina t ion 
(60%) was found in 0.1% t r e a t m e n t . 
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In Aparna, the maximum and minimum germination 
percentages were recorded in same pattern as in Arkel. The 
lower concentration (0.02%) gave maximum (100%) and higher 
concentration (0.1%) gave minimum (60%) germination 
(Table 3 and Fig. 3). 
6.2 LD50 DOSES OF MUTAGENS : 
An attempt was made to determine the LDrQ doses of 
all the chemical mutagens for both the varieties on the 
basis of germination percentage plotted against the 
concentrations of the mutagens. 
In all the treated populations, more than 50% 
germinations were found and LD50 ^o^^^ could not be 
obtained within the concentrations used. 
6.2.1 LD50 ^ oses of EMS : 
The experimental r e s u l t s i nd ica t ed t h a t LDCQ doses 
of EMS for the v a r i e t i e s Arkel and Aparna were not found 
to f a l l wi th in the d i f f e r e n t concen t r a t i ons of EMS used . 
However, the extended germinat ion curve revea led 0.10% and 
0.12% of EMS a s the LD^Q for v a r s . Arkel and Aparna 
r e s p e c t i v e l y (F ig . l ) . 
6.2.2 LD50 doses of DMS : 
The LD^Q doses of DMS for the two varieties of 
Pi sum sativum L. were not found within the different 
concentrations of the chemical used. However, the 
extention of germination percentage curve with increasing 
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concentrations of the chemical in figure indicated 1.40% 
and 1.70% as LD5Q doses for vars. Arkel and Aparna 
respectively (Fig. 2). 
6.2.3 LD5Q doses of SA : 
The LDcQ doses of SA for vars. Arkel and Aparna 
were also above the maximum concentrations of chemical 
used in the experiment. In this case also, the extention 
of germination percentage curve with respect to 
concentrations of the chemical indicated 0.120% and 0.125% 
as LDcQ doses for the vars. Arkel and Aparna respectively 
(Fig. 3). 
6.3 INHIBITION (Z) : 
The inhibition (%) in seed germination was 
determined with respect to three chemical mutagens (EMS, 
DMS and SA) in varieties Arkel and Aparna of Pisum sativum 
L. An account of inhibition (%) has been given below : 
6.3.1 EMS treatments : 
The maximum seed inhibition (46.67%) was observed 
in the population treated with 0.1% EMS and the minimum 
inhibition (0%) was observed in 0.01 and 0.02% EMS 
treatments for the variety Arkel. In variety Aparna, the 
maximum inhibition (40%) was found in 0.1% and the minimum 
inhibition (0%) was noted in 0.01, 0.02 and 0.03% of EMS 
treated populations (Table 1). 
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6.3.2 m s treataents : 
The maximum seed inhibition (33.33%) was noted in 
1% and the minimum (0%) was observed in 0.1, 0.2 and 0.3% 
of DMS treated populations of variety Arkel. In variety 
Aparna, the maximum seed inhibition (26.67%) was noted in 
0.9% and 1% and the minimum (0%) was observed in 0.1, 0.2 
and 0.3% DMS treated populations (Table 2). 
6.3.3 SA treatments : 
The maximum seed inhibition (40%) was observed in 
0.1% and the minimum (0%) was noted in 0.02% sodium azide 
treatments for variety Arkel. In case of variety Aparna, 
the maximum inhibition (40%) was observed in 0.1% and the 
minimum (0%) was noted in 0.02% sodium azide treated 
populations (Table 3). 
6.4 SEED GERMINATION IN FIELD EXPERIMENT : 
The percentage of seed germination and inhibition 
were also determined for Pi sum sativum L. vars. Arkel and 
Aparna treated with different concentrations of EMS, DMS 
and SA and sown in pots which were kept in the net house. 
The data are presented in Tables 4-6. The observation 
revealed that the increasing concentrations of each 
chemical had in general, the decreasing effect on seed 
germination as in case of BOD experiment, but the overall 
percentage of seed germination in the field differed from 
that of OBD experiments. 
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A b r i e f account of seed germinat ion i n bo th 
v a r i e t i e s of Pisum sativum L. t r e a t e d with d i f f e r e n t 
c o n c e n t r a t i o n s of EMS, DMS and SA i s presented below : 
6 . 4 . 1 Treataent with EMS : 
In va r i e ty Arke l , t h e maximum seed g e r m i n a t i o n 
(96.6%) was recorded in 0.01% t r e a t e d popu la t ion whereas 
the c o n t r o l populat ion showed 80% germina t ion . The minimum 
germinat ion (46.6%) was found i n 0.1% t r e a t m e n t . 
In v a r i e t y Aparna, t h e maximum germinat ion (100%) 
was found in 0.02% and minimum (43.3%) was recorded i n 
0.1% t rea tment (Table 4 ) . 
6 . 4 . 2 Treataent with DMS : 
In v a r i e t y Arke l , t h e maximum seed g e r m i n a t i o n 
(93.3%) was recorded in 0.1% and the minimum (56.6%) was 
recorded with 1.0% DMS t r e a t m e n t . 
In v a r i e t y Aparna, t he maximum seed ge rmina t ion 
(90%) was noted in 0.2% and the minimum (53.3%) was 
recorded in 0.9 and 1.0% DMS t r e a t e d p o p u l a t i o n s , whi le 
the c o n t r o l showed 86.6% seed germinat ion (Table 5 ) . 
6 . 4 . 3 Treataent with SA : 
In v a r i e t y Arke l , t he maximum seed ge rmina t ion 
(80%) was recorded in 0.05% t r ea tment and the minimum 
germina t ion (30%) was noted in 0 .09 and 0.1% of SA t r e a t e d 
p o p u l a t i o n s . 
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In variety Aparna, the maximum (96.6%) and the 
minimum (53.3%) germination was noted in 0.01% and 0.1% 
concentrations of sodium azide respectively (Table 6). 
6.5 SBOOT LENGTH AND SHOOT INJURY ; 
The effect of various concentrations of chemical 
mutagens on shoot length and shoot injury was studied and 
the data was statistically analysed and presented in 
Tables 7 and 8 for both the varieties. 
6.5.1 Treataent with EMS : 
In variety Arkel, the maximum shoot length (33.0 
cm) was observed in 0.02% concentration while the mean 
length in control was 31.96 cm. The minimum shoot length 
(18.8 cm) was noticed in 0.1% concentration of the 
chemical. 
The maximum shoot injury (41.17%) was noted in 0.1% 
EMS while the minimum (-3.25%) was observed in 0.02% 
concentration (Table-7 and Plate 1). 
In variety Aparna, the maximum shoot length (15.22 
cm) was found in control and the minimum (2.88 cm) was 
recorded in 0.1% treatment. Ihe minimum shoot injury 
(15.70%) was recorded in 0.02% and the maximum injury 
(81.07%) was found in 0.1% concentration (Table 8 and 
Plate 2). 
6.5.2 Treataent with DMS : 
Out of the three chemical mutagens, the maximum 
shoot length and the minimum shoot injury for both the 
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varieties were recorded with DMS. The maximum shoot length 
(34.37 cm) in variety Arkel was recorded in 0.2% which 
also showed minimum (-7.54%) shoot injury. The minimum 
shoot length (25.4 cm) was observed in 1% DMS which showed 
the maximum (20.52%) shoot injury (Table 7 and Plate 3). 
In variety Aparna, the maximum shoot length (18.09 
cm) was observed in 0.2% and minimum shoot length (7.15 
cm) was observed in 1.0% DMS. The minimum shoot injury 
( -'18.85 %) was noted in 0.2% and the maximum injury 
(53.02%) was observed in 1.0% concentration (Table 8 and 
Plate 4). 
6.5.3 Treatment with SA : 
The maximum shoot length (32.66 cm) in variety 
Arkel was noted in 0.04% where as the minimum (14.33 cm) 
was found in 0.1% SA. The minimum shoot injury (-2.19%) 
was in 0.04% and maximum injury (61.42%) was found in 0.1% 
SA (Table 7 and Platle 5). 
The control plants of variety Aparna showed the 
maximum shoot length. Among the treated populations, the 
maximum shoot length was found in 0.04% concentration and 
the minimum shoot length (11.78 cm) was recorded in 0.06% 
SA. The maximum shoot injury (22.60%) was recorded in 
0.06% and minimum shoot injury was found in 0.04% SA 
(Table 8 and Plate 6). 
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6.6 NUMBER OF BRANCHES PER PLANT : 
The average number of branches per plant was 
studied in vars. Arkel and Aparna treated with different 
concentrations of EMS, DMS and SA as well as control 
plants. The observations are presented in Tables 9 and 10. 
6.6.1 Treatment with EMS : 
In variety Arkel, the average number of branches 
per plant decreased from 1.0 (in 0.02%) to 0.30 in 0.08% 
EMS (Table 9). 
In variety Aparna, the number of branches per plant 
decreased from 1.25 (0.02%) to nil (in 0.1% 
concentration). The control plants showed an average of 
1.46 branches per plant (Table 10). 
6.6.2 Treatment with DMS : 
In variety Arkel, the average number of branches 
per plant decreased from 1.33 (in 0.4%) to 0.77 in 0.8% 
(Table 9). 
In variety Aparna, the number of branches per plant 
decreased from 1.50 (in 0.2%) to 0.37 in 1% DMS (Table 10) , 
6.6.3 Treatment with SA : 
In v a r i e t y Arkel , the maximum number of branches 
(0 .75) per p l a n t was found in c o n t r o l and minimum number 
of brancheswas found in 0.04% t r e a t m e n t (Table 9 ) . 
In v a r i e t y Aparna, the maximum r e d u c t i o n in number 
of branches was found in 0.08% SA. A comparat ive account 
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of average number of branches per plant in each concen-
tration along with control has been presented in Table 10. 
6.7 POLLEN SIZE AND POLLEN FERTILITY : 
The pollen size and pollen fertility were studied 
and presented in Tables 11 and 12. The percentage of 
fertile and sterile pollen grains were calculated by 
counting the fertile and sterile pollen grains out of 
total number of pollen grains observed. The pollen size 
was measured in ocular divisions which was converted in to 
microns. 
6.7.1 Treataent with EMS : 
In variety Arkel, the maximum pollen fertility 
(100%) was observed in 0.04% EMS. The control plants also 
showed 100% fertility. The minimum pollen fertility 
(86.70%) was observed in 0.1%. The maximum pollen 
sterility (13.3%) was found in 0.1% concentration. The 
maximum pollen size (61.44/i) was observed in control and 
the minimum size (49.92/j) was noted in 0.06% EMS. The 
sterile pollens attained maximum size (48.0 /i) in 0.02% 
and minimum size (41.28 ya) was found in 0.06% EMS 
(Table 11). 
In case of variety Aparna, the control populations 
showed maximum pollen fertility (99.28%) which decreased 
to minimum (84.81%) in 0.1% EMS treatment. The maximum 
pollen sterility (15.19%) was observed in 0.1% and the 
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minimum (0.72%) was found in control population. A 
comparative account of pol len f e r t i l i t y and pollen s i ze 
has been presented in Table 12. 
6.7.2 Treataent with DMS : 
In var ie ty Arkel, DMS treatments gave the maximum 
f e r t i l i t y and minimum s t e r i l i t y in comparison to other two 
chemical mutagens. The maximum f e r t i l i t y (100%) was 
observed in 0.2% treatment as well as in control p l a n t s . 
The minimum pollen f e r t i l i t y (95.42%) was noted in 1% DMS. 
There were no pollen s t e r i l i t y in 0.2% treatment but the 
maximum s t e r i l i t y (4.58%) was found in 1% concentrat ion, 
nie s ize of f e r t i l e pol lens decreased from 61.44 / i 
(control ) to 48.96/i in 1% chemical treatment and s t e r i l e 
pollen s ize decreased from 50.40/1 to 48.87>u. The average 
pollen size was 49.44/1 in 1% treatment (Table 11) . 
In var ie ty Aparna, the minimum pollen f e r t i l i t y 
(83.01%) was found in 1% treatment . The maximum size of 
f e r t i l e and s t e r i l e pol len grains were measured and 
presented along with control in Table 12. 
6 .7.3 Treatment with SA : 
In variety Arkel, the maximum pollen fertility 
(100%) was found in control. In 0.1% treatment, it was 
91.7%. The average size of fertile pollen grains decreased 
and it was 49.44 >u in 0.1% treated population. A 
comparative account of pollen fertility and pollen size 
was studied atridata provied in Table 11. 
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In variety Aparna, the maximum pollen fertility 
(99.28%) was foun in control. The pollen fertility in 
treated population decreased upto 81.10%. Similarly the 
effect of chemical was also seen on pollen size. The 
increasing concentration of SA had decreasing effect on 
pollen size. A comparative account of pollen fertility and 
pollen size has been presented in Table 12. 
6.8 NUMBER OF POD PER PLANT : 
Some of pod characters are important as yield 
contributing parameters. Ihe effect of all the mutagens 
(EMS, DMS and SA) on the number of pods per plant is in 
the process of study. 
6.9 POD LENGTH AND NUMBER OF SEEDS PER POD : 
Besides the number.of pods per plant the pod length 
and number of seeds per pod are other important yield 
contributing factors. Contributions of these two 
parameters for all mutagens (EMS, DMS and SA) will be 
studied and data will be provided later on. 
6.10 100-SEED WEIGHT : 
The seed weight is another important yield 
contributing parameter. The 100-seed weight (fresh and 
dry) in both the varieties for each mutagen is in the 
process of study and the data willbe provided later on. 
74 
6.11 MEIOTIC STUDIES IN Mj GENERATION : 
Induction of structural re-arrangement in 
chromosomes is one of the important ways of achieving 
genetic variability. To estimate the potency of mutagens 
and the mutation response of a genotype, the chromosomal 
behaviour with respect to meiosis is considered to be one 
of the most reliable indices. 
The present investigation deals with the study on 
the types of chromosomal behaviour, chromosomal 
abnormalities and their frequencies in different 
treatments. A comparative study on the effect of different 
mutagens (EMS, DMS and SA) with respect to pea (Pisum 
sativum L. vars. Arkel and Aparna) has been carried out. 
The parameters of meiotic studies such as chiasma 
frequencies at diakinesis and metaphase-I, pairing 
behaviour and meiotic abnormalities like univalents, 
multivalents, stickiness of chromosomes, precocious 
separation, bridges, fragments, laggards, triads and 
pentads etc. at different stages of microsporogenesis have 
been studied. 
The chromosome number in pea (Pisum sativum L. ) is 
2n = 14. In control populations the meiosis is normal with 
seven bivalents at diakinesis (Plates : 7-A, 9-A) and 
metaphase -I (Plates : 7-D, 9-D) and equal distribution of 
chromosomes at both the poles at anaphase-I (Plates: 8-A,B; 
9-J). Telophase-I and telophase-II was generally normal 
(Plates: 8-G,H; 10-A,G). 
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6.11.1 Prophase-I : 
Chiasma frequency at diakinesis : Chiasma frequency is a 
constant and genetically controlled character which 
doesn't vary much unless the plants are subjected to any 
change at genetic level by mutagens or environment. 
The chiasma frequency in control plants (Arkel) was 
11.86 per cell (Range: 09-14) and 1.70 per bivalent 
(Range: 1.28-2.0). In EMS treatments, the mean chiasma per 
cell was 11.65 and it varied from 11.47 to 11.83. The mean 
chiasma frequency per bivalent was 1.66 and it varied from 
1.63 to 1.70. In DMS treated populations, the mean chiasma 
per cell was 11.60 (Range: 11.45-11.84) and per bivalent 
it was 1.65 (Range: 1.63-1.68). In SA treated populations, 
the chiasma frequency per cell and per bivalent was 11.20 
and 1.63 respectively (Table 13). 
In variety Aparna, the chiasma frequency per cell 
was 11.81 (Range: 08-14) and per bivalent it was 1.71 
(Range: 1.42-2.0). In EMS treated populations, the chiasma 
frequency was 11.43 per cell and it varied from 11.0 to 
11.73. The chiasma frequency per bivalent was 1.63, and it 
varied from 1.58 to 1.68. In DMS treated populations, the 
mean chiasma frequency per cell was 11.40 and it ranged 
from 11.28 to 11.63. The mean chiasma frequency per 
bivalent was 1.62, and it varied from 1.61 to 1.65. In SA 
treatments, the chiasma frequency per cell was 11.37 and 
it varied from 11.0 to 11.75 and the chiasma frequency per 
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bivalent was 1.64 which varied from 1.60 to 1.68 
(Table 17). 
The chromosomal stickiness was observed in control 
populations (vars. Arkel and Aparna) in very low 
percentage (08% and 04% respectively). The stickiness was 
higher in all the treated populations of both varieties. 
In variety Arkel, stickiness was 26%, 26.6% and 28% in 
EMS, DMS and SA treatments respectively. In variety 
Aparna, it was 24%, 21.3% and 20% for EMS, DMS and SA 
treatments respectively (Table 13 and 17, Plates: 7-B,C; 
9-A). 
Univalents (2%) were observed in a few cells of 
both the varieties. In variety Arkel, 02.0%, 04.0% and 
12.0% univalent was observed in EMS, DMS and SA treatments 
respectively. In variety Aparna, the average percentage of 
univalents was 02.6%, 05.3% and 06.0% in EMS, DMS and SA 
treatments respectively. 
Multivalents were not observed in both the control 
populations as well as treated populations of variety 
Aparna. In variety Arkel, multivalents were recorded in 
different frequencies in DMS and SA treatments. 
Multivalents were not seen in EMS treated populations 
(Table 13 and 17). 
In variety Aparna, multinucleolous condition was 
observed in EMS and SA treated populations (Table 17). The 
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number of nucleolii in the cells ranged from 2-14 (Plate: 
9-B,C). 
6.11.2 Metaphase-I : 
The chiasma frequency at Metaphase-I was lower than 
diakinesis in control as well as in treated populations of 
both the varieties. 
In control population of variety Arkel, chiasma 
frequency per cell and per bivalent at metaphase-I was 
10.04 (Range: 08-12) and 1.43 (Range: 1.14-1.71) 
respectively. 
In EMS treated populations, the chiasma frequency 
per cell was 9.96; which ranged from 09.70 to 10.22. The 
chiasma per bivalent was 1.42; which ranged from 1.38 to 
1.47. In DMS treated populations, the chiasma frequency per 
cell and per bivalent was 9.59; which ranged from 9.45 to 
9.77 and 1.37; which ranged from 1.35 to 1.40 
respectively. In SA treated populations, chiasma frequency 
per cell was 8.47 and chiasma frequency per bivalent was 
1.26 (Table-14). 
The control population of var. Aparna showed an 
average of 09.69 (Range: 08-12) chiasma per cell and 1.38 
(Range: 1.14-1.71) chiasma per bivalent at metaphase-I. 
In EMS treated populations, the chiasma frequency 
per cell was 09.78; which ranged from 09.57 to 10.05 and 
the chiasma per bivalent was 1.41; which ranged from 1.39 
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to 1.44. In DMS treated populations, the chiasma per cell 
and per bivalent was 9.70 and 1.41 respectively. In SA 
treatments, the average chiasma per cell was 9.46 which 
ranged from 9.40 to 9.52 and the average chiasma per 
bivalent was 1.35 which ranged from 1.34 to 1.36 
(Table-18). 
Univalents and multivalents were also observed in 
a few cells of treated populations of both the varieties. 
In variety Arkel, an average of 4.0%, 4.0% and 14% 
univalents were noted in EMS, DMS and SA treatments 
respectively (Table 14, Plate: 7-F). 
In variety Aparna, an average of 6.60%, 16.0% and 
16.0% univalents were noted in EMS, DMS and SA treatments 
respectively. In variety Arkel, 08.0% of cells showed 
multivalents in SA treatments. In variety Aparna, an 
average of 1.30%, 4.00% and 4.00% cells showed 
multivalents in EMS, DMS and SA treated populations 
respectively (Table 18, Plate: 9-H,l). 
Fragments or extra chromosomes couldn't be observed 
in variety Arkel but in variety Aparna, 8.00% of cells 
showed extra chromosomes in SA treatment (Table 18, 
Plate: 9-F). 
Precocious separation of chromosomes at metaphase-I 
was observed in a few cells in treated populations of both 
the varieties. In variety Arkel, precocious separation of 
79 
chromosomes was recorded in EMS, and DMS treated 
population in different frequencies. The precocious 
separation uas not recorded in sodium azide treated 
populations. In variety Aparna, the precocious separation 
of chromosomes was recorded in EMS and SA treatments only 
(Table 14 and 18; Plate: 7-K,L). 
Stickiness of chromosomes at metaphase-I was 
observed in both treated varieties of pea. The average 
percentage of stickiness in both the varieties treated 
with different concentrations of EMS, DMS and SA has been 
presented in Tablesl4 and 18 (Plates: 7-G,H,I,J; 9-G). 
6.11.3 Anaphase-I : 
Anaphase-I was normal in control populations 
showing equal distribution of chromosomes (7:7) to the 
poles (Plates: 8-A,B; 9-J) in both the varieties. At 
anaphase-I, the meiotic abnormalities like laggards, 
bridges, unequal separation of chromosomes were noted in 
both the varieties treated with different chemicals (EMS, 
DMS and SA) and are presented in Tables 15 and 19 (Plates: 
8-C,D,E,F; 9-K,L; 10-B ,C ,D,E,F). 
6.11.4 Telophase-I : 
Telophase-I was normal in control populations of 
both the varieties (Tables 16, 20 and Plates: 8-G, 10-A). 
The treated populations of variety Arkel, showed 
very low percentage of abnormalities like micronuclei. 
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isolated chromosomes at telophase-I in higher 
concentrations. The average percentage of these 
abnormalities has been calculated and presented in 
Table-16. 
In variety Aparna, the meiotic abnormalities such 
as tnicronucleii, isolated chromosomes were observed at 
telophase-I. The frequencies of these abnormalities were 
determined and presented in Table 20. 
6.11.5 Abnormalities at Meiosis-II : 
The second meiotic division was normal in control 
plants of both the varieties. However, certain meiotic 
abnormalities were observed in low frequencies in treated 
populations. 
In variety Arkel, chromosomal stickiness was 
observed at metaphase-II in EMS treated population 
(Table 14, Plate: 8-L). 
Telophase II showed spindle abnormalities, triad 
and pentad formations in populations treated with higher 
concentrations of EMS, DMS and SA (Table 16, Plate: 
8-1,J,K). 
In variety Aparna, the higher concentrations of 
EMS, DMS and SA showed some abnormalities like 
misorientation of spindles and stickiness of chromosomes 
at metaphase-II (Table 18, Plate: 10-K,L). 
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At telophase-II, triads, pentads were recorded in 
higher concentrations of all the three chemicals used. The 
frequencies of these abnormalities were recorded and 
presented in Table 20 and Plate : 10-H,I,J. 
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PLATE 1 
Effect of different concentrations of EMS on the 
height of pea (Pisum sativum L.) var. Arkel 
A- 1. Control 
2. EMS 0.01% 
3. EMS 0.02% 
A. EMS 0.03% 
B- 5. EMS 0.04% 
6. EMS 0.05% 
1. EMS 0.06% 
8. EMS 0.07% 
C- 9. EMS 0.08% 
10. EMS 0.09% 
11. EMS 0.1% 
12. Control 
PLATE 1 
PLATE 2 
Effect of different concentrations of EMS on the 
height of pea (Pisum sativum L.) var. Aparna. 
A- 1. Control 
2. EMS 0.01% 
3. EMS 0.02% 
4. EMS 0.03% 
B- 5. EMS 0.04% 
6. EMS 0.05% 
7. EMS 0.06% 
8. EMS 0.07% 
C- 9. EMS 0.08% 
10. EMS 0.09% 
11. EMS 0.1% 
12. Control 
PLATE 2 
PLATE 3 
Effect of different concentrations of DMS on the 
height of pea (Pisum sativum L.) var. Arkel. 
A- 1. Control 
2. DMS 0.1% 
3. DMS 0.2% 
4. DMS 0.3% 
B- 5. DMS 0.4% 
6. DMS 0.5% 
7. DMS 0.6% 
8. DMS 0.73 
C- 9. DMS 0.8% 
10. DMS 0.9% 
11. DMS 1% 
12. Control 
PLATE 3 
«». 
••:•.. • ' • ' 1 
U^ 
;iV«iy 
PLATE 4 
Effect of different concentrations of DMS on the 
height of pea (Pisua sativum L.) var. Aparna. 
A- 1. Control 
2. DMS 0.1% 
3. DMS 0.2% 
4. DMS 0.3% 
B- 5. DMS 0.4% 
6. DMS 0.5% 
7. DMS 0.6% 
8. DMS 0.7% 
C- 9. DMS 0.8% 
10. DMS 0.9% 
11. DMS 1% 
12. Control 
PLATE k 
PLATE 5 
Effect of different concentrations of SA on 
the height of Pea (Pisum sativum L.) var. Arkel. 
A- 1. Control 
2. SA 0.01% 
3. SA 0.02% 
4. SA 0.03% 
B- 5. SA 0.04% 
6. SA 0.05% 
7. SA 0.06% 
8. SA 0.07% 
C- 9. SA 0.08% 
10. SA 0.09% 
11. SA 0.1% 
12. Control 
PLATE 5 
PLATE 6 
Effect of different concentrations of SA on 
the height of Pea (Pisum sativum L.) var. Aparna. 
A- 1. Control 
2. SA 0. 01% 
3. SA 0.02% 
4. SA 0.03% 
B- 5. SA 0.04% 
6. SA 0.05% 
7. SA 0.06% 
8. SA 0.07% 
C- 9. SA 0.08% 
10. SA 0.09% 
11. SA 0.1% 
12. Control 
PLATE 6 
PLATE 7 
Meiosis in Pea (Pisum sativum L.) var. Arkel treated 
with different mutagens (EMS, DMS and SA) 
A- Diakinesis showing single nucleolus and 7 
bivalents (4 rings* 3 rods) in control. 
B- Diakinesis showing single nucleolus and 7 
bivalents with secondary association (EMS 0.04%). 
C- Diakinesis showing single nucleolus and stickiness 
of chromosomes (SA 0.1%). 
D- Metaphase I showing 7 bivalents (control). 
E- Pi<o-metaphase showing 6 ring bivalents and one rod 
bivalent (EMS 0.1%). 
F- Metaphase I showing 6 bivalents and two univalents 
(DMS 0.8%). 
G- Metaphase I showing stickiness of chromosomes 
(EMS 0.04%). 
H- Metaphase I showing stickiness of chromosomes 
(DMS 0.8%). 
I- Metaphase I showing clumping of chromosomes in two 
groups (DMS 1%). 
J- Metaphase I showing clumping of chromosomes in 
three groups (SA 0.1%). 
K- Metaphase I showing clumping of 6 bivalents in one 
group (one bivalent separate) in DMS 0.4%. 
L- Metaphase I showing clumping of 5 bivalents in one 
group (two bivalents separate) in EMS 0.1%. 
PLATE 7 
r^  
^ ^ ^ 
# . 
PLATE 8 
Meiosis in Pea (Pisum sativum L.) var. Arkel treated 
with different mutagens (EMS, DMS and SA) 
A- Early anaphase I showing separation of chromosomes 
towards the poles (control). 
B- Anaphase I showing equal distribution (7:7) of 
chromosomes at poles (control). 
C- Anaphase I showing broken chromatin bridge (DMS 
0.8%). 
D- Anaphase I showing bridge formation (EMS 0.1%). 
E- Early anaphase I showing unequal distribution (8: 
6) of chromosomes (DMS 1%). 
F- Anaphase I showing one fragment as a laggard 
(EMS 0.1%). 
G- Normal telophase I (control). 
H- Late anaphase II showing 4 groups of chromosomes 
(control). 
I- Telophase II showing linear arrangement of three 
groups of chromosomes (EMS 0.1%). 
J- Telophase II showing tripolar condition • (EMS 
0.1%). 
K- Early telophase II showing condensed chromatin 
materials in 4 groups (SA 0.1%). 
L- Metaphase II showing non-synchronous condition 
(SA 0.1%). 
PLATE 8 
PLATE 9 
Meiosis in Pea (Pisum sativum L.) var. Aoarna treated 
with different mutagens (EMS, DMS and SA). 
A- Diakinesis showing single nucleolus and stickiness 
of chromosomes (control). 
B- Diakinesis showing micro and macro nucleolii and 7 
bivalents (SA 0.8%). 
C- Diakinesis showing multinucleolus condition and 7 
bivalents with secondary association (EMS 0.1%). 
D- Metaphase I showing 7 bivalents (control). 
E- Metaphase I showing associated bivalents in a ring 
form (EMS 0.1%). 
F- Metaphase I showing 2 bivalents,one trivalent and 
7 univalents (SA 0.1%). 
G- Metaphase I showing stickiness of chromosomes 
(DMS 1%). 
H- Metaphase I showing 5 bivalents and one quadri-
valent (EMS 0.1%). 
I- Metaphase I showing 2 trivalents and 4 bivalents 
(DMS 1%). 
J- Anaphase I showing equal distribution of 
chromosomes (7:7) to the poles (control). 
K- Anaphase I showing unequal distribution (5:9) of 
chromosomes (SA 0.1%). 
L- Anaphase I showing unequal distribution (8:6) of 
chromosomes (EMS 0.1%). 
PLATE 9 
PLATE 10 
Meiosis in Pea (Pisum sativum L.) var. Aparna treated 
with different mutagens (EMS, DMS and SA;. 
A- Anaphase I showing two groups of chromosomes 
(control). 
B- Anaphase I showing 2 lagging chromosomes (EMS 
0.08%). 
C- Late anaphase I showing one lagging chromosome 
(SA 0.08%). 
D- Anaphase I showing late disjunction of one 
bivalent (EMS 0.08%). 
E- Anaphase I showing 3 groups of chromosomes (SA 
0.08%). 
F- Anaphase I showing chromatin bridge (EMS 0.1%). 
G- Telophase II showing 4 groups of chromosomes 
(control). 
H- Telophase II showing mixing of 2 groups of 
chromosomes (EMS 0.08%). 
I- Telophase II showing 3 nuclei (Triad formation) in 
DMS 1%. 
J- Telophase II showing polar abnormality (SA 0.08%). 
K- Metaphase II showing mis-orientation of 
chromosomes (DMS 1%). 
L- Metaphase II showing mis-orientation and clumping 
of chromosomes (SA 0.1%). 
PLATE 10 
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DISCUSSION 
Chapter - 7 
D I S C U S - S I - O N 
The present discussion is mainly confined to the 
effects of different concentrations of chemical mutagens 
(EMS, DMS and SA) on seed germination, seedling growth, 
plant morphology, pollen fertility and aeiotic behaviour 
of Pisum sativum L. vars. Arkel and Apama. The probable 
reasons and explanations regarding the Mutagenic effects 
have been discussed. 
The sensitivity of any biological system to a 
particular mutagenic treatment depends on various factors 
such as; 
1. Chemical properties of mutagen. 
2. Properties of the biological system. 
3. Temperature. 
4. Duration of treatment. 
5. Hydrogen ion concentration. 
6. Pre and post treatment conditions. 
7.1 SEED GERMINATION: 
The seed germination after a period of dormancy is 
an important parameter to estimate the induced effects of 
mutagen on active metabolism. Generally, a gradual decrease 
in percent germination with increasing concentrations of 
mutagens haS; been observed. The reduced germination due 
to inhibitory effect of chemical mutagens observed in the 
present investigation on pea (Pisum sativum L.) has also 
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been reported by Jain and Agrawal (1993) in Trigonella 
foenum-graecum, Srivastava et_ al. , (1989) in sugarcane, 
Krishna et al. , (1984) in rhodes grass, Venkateswarlu et 
al., (1978) in pigeon pea. Khan and Siddiqui (1987) in 
mungbean, Ignacimuthu and Babu (1988) in urd and mungbean, 
Ansari and Siddiqui (1995) in Ammi majus L. etc. 
Krishna et al. , (1984) considered that the 
inhibition of germination is the immediate effect of 
mutagens on seeds, the extent depending on the type and 
dose of mutagen used. The inhibition may be due to the 
interaction between the mutagen and the seed cell system. 
The imbibed mutagen in the cell may imbalance the cell 
system and inhibits the normal metabolic activity. 
7.2 SEEDLING GROVTH : 
Generally, the average seedling growth decreased 
with increasing concentrations of mutagens in almost all 
variants of M- generation. 
Reduced seedling growth due to mutagenic treatment 
was observed by many workers in different plants (Sharma, 
1970 in barley; Venkateswarlu et al. , 1978 in pigeon pea; 
Krishna et al., 1984 in rhodes grass; Khan et £l., 1987 in 
mungbean; Ignacimuthu and Babu, 1988 in mungbean; Ansari 
and Siddiqui, 1995 in Ammi ma jus L.). 
Krishna et al., (1984) studied the effect of 
mutagens on seedling growth and opined that the reduction 
in growth might be due to auxin destruction, changes in 
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ascorbic acid content and physiological and bio-chemical 
disturbances. Chromosome breakage during mitotic 
inhibition and inhibition of DNA synthesis have also been 
implicated as cause of reduced plant growth. Ansari and 
Siddiqui (1995) discussed the reason for decreased height 
and reported that growth injury caused due to damage of 
meristematic cells may be responsible for reduction in 
growth. 
In the present observation, some lower concen-
trations have shown enhanced seedling growth. The same has 
been observed by Krishna et, ai. , (1984) in rhodes grass. 
They reported that the stimulation of growth observed at 
lower doses might be caused by elevated auxin levels. 
7.3 POLLEN SIZE AND FERTILITY : 
In Ml generation, generally the pollen size and 
fertility decreased with increasing concentrations of all 
the chemical mutagens (EMS, DMS and SA). The decreasing 
trend may be due to meiotic disturbances as observed by 
Krishna gt al. , (1984) in rhodes grass and by Zeerak 
(1992) in tomato. The increase in pollen sterility in pea 
treated with chemical mutagen (dES) was considered to be 
brought about by three non-allelic 'ms' genes which caused 
the degeneration of the PMCs either on attaining genetic 
autonomy or after separating out from one another (Nirmala 
and Kaul, 1991). Further Kaul and Nirmala (1993) observed 
that dys-synapsis at meiosis may be the main cause for the 
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male sterility in pea. Myers et al,., (1992) put forward 
the idea that the pre-mature degeneration of the tapetum 
which serves as a nurse tissue to sporogenous cells might 
be the reason for increased pollen sterility in pea. 
The effect of mutagens on pollen fertility has 
also been reported by various workers in different plants 
(Swaminathan £t al., 1962 in barley and wheat; Sharma and 
Bansal, 1970 in barley; Venkateswarlu et al., 1978 in 
pigeon pea; Reddy and Smith, 1984 in urd and mungbean ; 
Narasimha Chary and Bhalla, 1988 in pigeon pea; Zeerak, 
1992 in Lycopersicoa esculentum and Ansari and Siddiqui, 
1995 in Ammi majus L.) and these workers have attributed 
the various factors such as abnormal chromosomal 
behaviour, genetic imbalances, meiotic anomalies, nuclear 
anomalies and a single recessive gene to be responsible 
for pollen sterility in mutagenized materials. 
7.4 MEIOTIC STUDIES : 
As a result of seed treatment with chemical 
mutagens (EMS, DMS and SA), pea plants (Ei&um sativum L. 
vars. Arkel and Aparna) showed varying degrees of meiotic 
abnormalities like varied chiasma frequencies at 
diakinesis and metaphase I, uni, bi or multinucleolus 
condition at diakinesis, multivalents, univalents, 
stickiness, fragments, bridges, laggards, unequal 
distribution, triads, irregular tetrads etc. The frequency 
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of abnormalities induced by the mutagenic treatments was 
higher in meiosis I than meiosis II. 
7.4.1 Chiasma frequency : 
In the present investigation, generally a 
decreasing trend of chiasma frequency per cell and per 
bivalent in comparison to control plants was observed with 
an exception of EMS and DMS treatment of variety Aparna, 
where chiasma frequency per cell and per bivalent at 
metaphase I was a little higher than the control plants. 
At diakinesis, mostly ring bivalents were found 
therefore, more than one chiasmata per bivalent were 
generally observed in both the varieties than control at 
metaphase I^ where nostly rod bivalents were observed. 
In variety Arkel, EMS showed a dose dependent 
increase in chiasma frequency both at diakinesis and 
metaphase I, while DMS had a dose dependent decrease of 
chiasma frequency at diakinesis as well as metaphase I. In 
variety Aparna, EMS and DMS showed reduction in chiasma 
frequency with increasing concentration of chemicals at 
both diakinesis and metaphase I. It was found that 
increasing concentration of SA had increasing effect on 
chiasma frequency per cell and per bivalent at both the 
stages. 
Decrease in chiasma frequency per cell and per 
bivalent due to mutagenic treatment was observed by Sree 
Ramulu (1971) in Sorghum. A reduction in chiasma frequency 
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due to the primary action of mutant genes was also 
observed by Gottschalk and Pietrini (1965). 
Lawrence (1961) on the basis of results obtained 
from mutagenic treatments on Lilium and Tradescantia, 
explained that the decrease in chiasma frequency per cell 
and per bivalent might possibly had occurred at two stages 
namely, during DNA synthesis and or slightly before the 
stage during which chiasma formation was generally 
considered to occur. In the former case, the decrease in 
the frequency of chiasmata may be due to the disturbance 
in chromosome coiling, failure or restricted pairing at 
pachytene and delay in DNA synthesis, while in the latter, 
it may be by affecting the process leading to chiasma 
formation. According to Gottschalk and Pietrini (1965), 
the alteration of chiasmata in the treated plants might be 
due to rapid terminilization of chiasmata in the 
bivalents. 
Jain and Basak (1965), reported that induced 
univalent formation through cryptic structural changes in 
some of the chromosomes due to mutagenic treatments 
restricted pairing and in this way reduced the chiasma 
frequency. Gottschalk and Pietrini (1965) had suggested 
that the genome of Pisum contains several groups of different 
genes or one or several series of multiple alleles causing 
reduction of chiasmata frequency in a recessive condition. 
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In the present investigation a slight increase in 
chiasma frequency per cell and per bivalent in comparison 
to control at metaphase I, was observed in P-i^ um fra-tivum-
L. variety Aparna treated with EMS and DMS (Table-18). 
While in variety Arkel, EMS showed dose dependent increase 
in chiasma frequency per cell and per bivalent but in the 
same variety (Arkel) DMS had dose dependent decrease in 
chiasma frequency per cell and per bivalent (Table-13,14). 
Dose dependent increase in chiasma frequency was also 
found in variety Aparna treated with sodium azide (SA). 
The increase in chiasma frequency may be either due to 
failure of chiasma terminilization or increase in crossing 
over following mutagenic treatments (Lawrence, 1961). 
Zeerak (1992) also obtained dose dependent increase in 
chiasma frequency. 
7.4.2 Multinucleolii at diakinesis : 
Generally one nucleolus per cell was seen at 
diakinesis in control plants of both the varieties, but 
two or more nucleolii per cell were observed in some 
plants of variety Aparna treated with EMS and SA. 
Koul (1965), observed two or more nucleolus per 
cell in Coix gigantia. Accessory nucleolii in micro-
sporocytes of hybrid Ehlox was observed by Levin (1973). 
Nucleolii ranging from 1-6 per cell in Crofeolaria 
agatiflor^ was observed by Verma and Raina (1981). Kaul 
and Nirmala (1993) observed nucleolar multiplication in 
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pea after treating it with chemical mutagens. 
Levin (1973) explained that the occurrence of 
multinucleolar conditions was due to the manifestation of 
multiplicity of nucleolar organizers which normally were 
latent but were activated by some perturbation related to 
hybridity or related to the partial fragmentation and 
scattering of a single organizer at sometime in the 
distant past. Ritossa and Spielgelmann (1965) said that 
during unusual differential DNA synthesis in the nucleolus 
organizing regions, the DNA templates got separated and 
remained free in the cell, and around these templates 
nucleolii were synthesised. However, Verma and Raina 
(1981) explained the occurrence of supernumary nucleolii 
in Cr-otalaria agatiflor-a on the basis of change in the 
cell caused by hybridity, which activated the latent 
organizers and synthesised nucleolii of varying sizes 
depending upon the quantum of repetative rDNA present in 
them. 
7.4.3 Multivalents and Univalents : 
The multivalents, in both the varieties treated 
with mutagens were recorded in low frequency in the 
present investigation. The multivalents in treated 
materials were reported by various workers in different 
crops with different mutagens (Swaminathan et ^ . , 1962; 
Ramulu, 1971; Sudhakaran, 1971; Katiyar, 1978; Zeerak, 
1992; Ahmad, 1993 and Khare, 1994). 
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The multivalent formation may be due to the break 
in chromosomes and their re-union through reciprocal 
translocations, or damage to the nucleus in the cells also 
manifested in several ways such as the deformity of 
chromosomes and re-union of the broken ends forming 
multivalents or fragments which were free or attached with 
their ends or with other chromosomes as suggested by 
Sudhakaran (1971). Swaminathan e^ al. (1962), suggested 
that meiosis in plants treated with EMS clearly indicated 
that primary and secondary constrictions were more prone 
to get broken by EMS. Zeerak (1992), attributed the 
multivalent formation to irregular pairing and breakage 
followed by translocation and inversion. 
• 
The univalents were also observed in a few cells 
treated with chemical mutagens. The univalents were 
noticed by many workers in various plants treated with 
mutagens (Ramlu, 1971 in Sorghum; Kalloo, 1972 in Pisum; 
Katiyar, 1978 in Capsicum; Ragab and Rahem, 1989 in Zea 
mays; Rao et al^ . , 1990 in pearl millet; Zeerak, 1992 in 
tomato; Ahmad, 1993 in chickpea; Kaul and Nirmala, 1993 in 
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Pisum sativum; Khare, 1994 in Adiantum etc.)-
These univalents later on found as laggards at 
anaphase I and telophase I. Appearance of univalents 
indicated non-pairing or early separation of chromosomes 
at the early or late stage of meiotic division 
respectively (Kallo, 1972). Mutagen induced structural 
changes in chromosomes and gene mutations might be 
responsible for the failure of pairing among homologous 
chromosomes and hence the presence of univalents (Zeerak, 
1992). Univalents at MI, due to asynapsis or dys-synapsis, 
where univalency is complete, asynapsis is presumed; where 
it is partial, desynapsis is inferred (Kaul and Nirmala, 
1993). 
7.4.4 Stickiness : 
Stickiness of chromosomes at diakinesis and 
metaphase I, affected adversely the normal disjunction of 
chromosomes at anaphase I, and has been reporteld by a 
number of workers such as Sudhakaran (1971), Shaikh and 
Godward (1972), Katiyar (1978), Ragab and Rahem (1989), 
Rao et al. (1990), Myers et _al. (1992), Zeerak (1992) and 
Ahmad (1993). 
Stickiness of chromosomes were reported as a 
result of partial dissociation and altered pattern of 
organization of nucleoproteins, sometimes they caused 
clumping of the chromosomes (Shaikh and Godward, 1972; 
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Katiyar, 1978 and Myers et al^ ., 1992). There was a 
reduction of correctly polymerized nucleic acid on the 
chromosomes producing characteristic errors of 
spiralization, which combined with superimposed excess of 
non-polymerized nucleic acid to cause surface stickiness 
(Evans, 1962). It could be possible for the stickiness to 
arise by some disturbances in the cytochemically balanced 
reactions by secondary effect of radiation/mutagen 
(Katiyar, 1978). According to Rao et al,. (1990), meiosis 
proceeds normally until diplotene; thereafter, the meiotic 
course can be distinguished into three types. 1) a few of 
the diakinetic nuclei continue normal development into 
metaphase I, anaphase I and tetrad formation; 2) Some show 
bivalent adhesion and location on the metaphase I plate, 
and 3) in a large majority of the remaining PMCs, the 
orderly progress from diakinesis to metaphase I is 
interrupted through release of chiasmata and bivalent 
dissociation into univalents resulting in desynaptic 
behaviour followed by chromosome subsequently form 
unorientedsticky chromatin masses at metaphase I. However, 
the stickiness disappears gradually and the chromosomes 
individualize through anaphase I. 
7.4.5 Precocious separation of chromosomes : 
Precocious separation of chromosomes at metaphase 
I, in the present investigation was found in some treated 
cells. This may be due to univalents as a result of 
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dys-synapsis or precocious chiasmata terininalization (Kaul 
and Nirmala, 1993). According to Rao et al,. , (1990) the 
gene for stickiness in pearl millet was responsible for 
precocious chiasma release. As a result of disturbed 
spindle mechanism, the precocious sq)aration of 
chromosomes might be resulted. 
7.4.6 Unequal separation : 
The unequal disjunction of chromosome to poles at 
anaphase I may arise due to early or delayed separation of 
bivalents. The same anomali has been observed by various 
workers like Ragab and Rahem, (1989) in Zea mays; Ahmad, 
(1993) in Cicer arietinum; Kaul and Nirmala, (1993) in 
Pi sum sativum L. and Khare, (1994) in Adiant-um capillus-
veneris. The disturbed spindle mechanism and stickiness of 
chromosome may also result the unequal separation. 
7.4.7 Bridges : 
The appearance of chromatin bridges with or 
without fragments at anaphase I, in the present 
investigation has also been observed by many workers; 
Ramulu (1971), Sudhakaran (1971), Shaikh and Godward 
(1972), Kalloo (1972), Katiyar (1978), Ragab and Rahem 
(1989), Zeerak (1992), Ahmad (1993), Khare (1994). 
The bridges occurring in the cells were probably 
formed by breakage and fusion of chromosomes and 
chromatids. Bridges may also arise by failure of 
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terminalization in a few cells (Sudhakaran, 1971). Bridge 
with fragment may possibly be due to the occurrence of 
paracentric inversion (Kalloo, 1972 and Katiyar, 1978). 
Chromatin bridge on the basis of crossing over within an 
inversion was also reported by Zeerak (1992). 
7.4.8 Laggards : 
The presence of laggards in some treated cells in 
the present study was also noticed in different crops by 
various investigators; Ramulu, (1971) in Sorghum bicolar; 
Sudhakaran, (1972) in Vinca rosea; Shaikh and Godward, 
(1972) in Lathyrus sativus and Vinca ervilia; Kalloo, 
(1982) in Pisum sativum; Katiyar (1978) in Capsicum 
annuum; Ragab and Rahem, (1989) in Zea mays; Zeerak, 
(1992) in Lycopersicon esculentum; Ahmad (1993) in Cicer 
arietinum and Khare, (1994) in Adiantum capillus-veneris. 
Laggards may be formed due to delayed terminali-
zation or perhaps to stickiness of chromosome ends 
(Sudhakaran, 1971). According to Kalloo (1972) the effect 
of mutagen on spindle fibre might be the possible reason 
of the appearance of lagging chromosomes at anaphase I. 
This could arise by breakage or faulty spindle inducing 
imbalanced daughter nuclei and micronuclei (Katiyar, 
1978). 
7.4.9 Abnormal tetrad, triad, coenocyte etc : 
These abnormalities at telophase I and II resulted 
the nonviable/sterile pollens which reduced the pollen 
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fertility. The same types of abnormalities have been 
observed by a number of workers in different crops by 
using different physical and chemical mutagens; Ramulu, 
(1971) in Sorghum bicolor by X- and gamma rays 
(physicals), EMS, MMS, DES and NMU (chemicals) and their 
combination treatments; Katiyar, (1978) in Capsicum annuum 
by gamma rays; Ragab and Rahem, (1989) in Zea mays by some 
IGRs; Zeerak, (1992) in Lycopersicon esculentum by gamma 
rays, EMS and their combined treatments; Kaul and Nirmala, 
(1993) in Pisum sativum by DES and Khare, (1994) in 
Adiatum capillus-veneris by gamma rays. 
As suggested by Katiyar (1978), the formation of 
abnormal microspores, viz. monads, diads, triads and 
polyads was one of the general effects of radiation, and 
it was assumed that errors in the cleavage of cytoplasm 
was likely to be the cause of production of abnormal 
microspores. Sudhakaran (1971), suggested that the group 
of chromosomes which were seen in the first metaphase and 
anaphase might have formed micronuclei which were quite 
frequent at telophase and may be responsible to form 
polyads. Kaul and Nirmala, (1993) observed that 
dys-synapsis imbalanced the meiotic stability and the 
unequal and irregular chromosomal disjunction at A I and A 
II had resulted in unequal sized triad, tetrad and 
coenocyte formation. These could arise by breakage or 
faulty spindle inducing imbalanced daughter nuclei and 
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micronuclei and the abnormal karyokinesis and/or 
cytokinesis also led to the formation of aberrant 
microspores (Katiyar, 1978). Mis-oriented or disturbed 
spindle mechanism may also lead to the formation of 
abnormal tetrads. 
It may be concluded that the morphological and 
cytological variations observed in the present 
investigation may be due to physiological disturbances in 
metabolic activities or growth regulators and the genetic 
disturbances like asynapsis, desynapsis, delay in DNA 
synthesis or replication, chromosomal damage, various 
chromosomal associations, disturbed spindle formations, 
defective cytokinesis etc. may be the results of action of 
different mutagens used in the present study. All these 
abnormalities might have caused the apparent morphological 
variations in the M^ generation. The viable and more 
potential varients will be selected and their behaviour in 
the further generation will be studied and compared with 
the control. The mutants with promising characters will be 
isolated and tested for better and economically important 
agronomic characters. 
FUTURE PLAN 
OF WORK 
CHAPTER - 8 
FUTURE PLAN OF WORK 
Keeping in view the high protein content, wide 
utility and economic importance of pea (Pisum sativum L.)» 
an attempt will be made to obtain improved varieties 
through mutagenic treatments, induction of colchiploidy, 
hybridization and selection. The M^, M2, M^, C^ ,^ C2, C^, 
F^, Fj and F- generations will be studied thoroughly from 
morphological, cytological and yield point of view, to 
obtain improved strains. 
8.1 INDUCTION OF MUTATION : 
Some selected chemical mutagens (EMS, DMS and SA) 
will be used to induce mutation. About 10 different 
concentrations of each chemical mutagen will be used to 
determine the LDCQ doses of mutagens and experiments will 
be conducted in field. At least three replicates will be 
maintained for each concentration. M^  plants will be 
selected on the basis of morphological characters. Flower 
buds will be fixed from the selected plants for 
cytological analysis along with control. The M^  seeds will 
be collected from all the desired plants and seeds will be 
sundried and stored for M2 generation and from M2 seeds 
the M^ generation will be raised. The morphological and 
yield parameters will be analysed to determines the 
improvement in the variety. Flower buds from Vi„ and M-
generations will also be collected to study the changes 
occurred at cytological level. 
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8.2 INDUCTION OF COLCHIPLOIDY : 
The main aim of colchicine application is to 
produce colchiploids and also to overcome the problems of 
sterility in hybrids. The duration of treatment is an 
important factor and should be determined for each 
variety. For the production of colchiploids the following 
methods will be adopted. 
8.2.1 Seed treataent : 
Different concentrations of aqueous colchicine 
solution will be prepared in DDW and abut 50 healthy 
seeds will be treated with the solution for different 
periods of time. The treated seeds will be washed with 
distilled water before being sown in pots. 
8.2.2 Seedling treatment : 
Freshly germinated seeds of each variety will be 
kept moist with the aqueous solution of different desired 
concentrations of colchicine for different perids of time. 
The seedlings will be washed with distilled water and 
transplanted to pots for further growth. 
8.2.3 Shoot tip treatment : 
About 50 seeds of each variety in five replicates 
will be sown in earthen pots separately. At 4-6 leaf stage, 
the shoot tips will be kept moist with the colchicine 
rinsed cotton (Colchicine - 1%, 1.5% and 2%) for a time 
period of 6 hrs, 12 hrs and 18 hrs . After the treatment, 
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the shoot tips will be washed with distilled water and 
allowed to grow freely. 
Morphology and cytology of Ci plants of both 
varieties will be studied. Selection will be done on the 
basis of noted desirable characters. The Cj and C- plants 
will also be analysed to study the effects of colchicine 
treatment. 
8.4 HYBRIDIZATION : 
The main objective of hybridization is to create 
genetic variation. Inter-varietal crosses will be 
conducted. The ?„ and F, generations will be produced by 
selfing F- and F^  plants respectively. Morphology, 
cytology and yield characters of F. , Fj and F^ generations 
will be studied. The reciprocal crosses in all the cases 
will be made to study the inheritance pattern of 
characters. 
8.4 SELECTION : 
It is one of the most ancient method to get the 
desirable characters in one individual of a population. In 
self pollinated crops, selection permits reproduction only 
in those plants that have the desirable characteristics. 
This is achieved by raising the next generation from seeds 
produced by the selected plants only. Selection, after 
induction of mutation, colchicine treatment and 
hybridization is more important than the ancient natural 
selection. So, selection will be made from each treated 
and improved lines. Special attention will be given to 
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the selected plants and cytomorphological observations 
will be taken carefully. 
8.5 CHARACTERS TO BE STUDIED : 
The following characters will be studied. 
8.5.1 Morphological characters : 
1. Germination percentage 
2. Seedling height 
3. Mature plant height 
4. Days to flowering 
5. Number of flower/plant 
6. Number of pods/plant 
7. Pod size or length 
8. Number of seeds/pod 
9. 100-seeds weight 
8.5.2 Cytological (Meiosis) characters : 
1. Chiasma frequency/cell 
2. Chiasma frequency/bivalent 
3. Different chromosomal association 
4. Percentage of different meiotic abnormalities at 
different stages of cell division. 
8.5.3 Bio-chemical characters : 
Seed protein (soluble and insoluble) contents of 
both control as well as treated materials will be analysed 
by using appropriate methods. 
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8.6 STATISTICAL ANALYSIS : 
Observations in all the above said generations 
will be taken and the data will be analysed statistically 
in order to get the extent of variations in different 
aspects/parameters studied. The control as well as the 
mutants obtained by different chemical treatments in both 
the varieties will be statistically analysed to find out 
the efficiency and effectiveness of mutagens. 
8.6.1 Studies on various genetic parameters in mutant 
lines in pea : 
The genotypic and phenotypic coefficient of 
variations, heritability (broad sense), coheritability, 
genetic advance at 5% intensity of selection in mutant 
lines and the controls for different characters will be 
studied. 
8.6.2 Correlation studies : 
The genetic correlations between yield and various 
yield components will be undertaken as it would help in 
planning efficient breeding programmes. 
SUMMARY 
CHAPTER - 9 
S U M M A R Y 
1. A programme of work was initiated on mutagenesis, 
keeping in view to develop a variety of pea, superior 
than the existing one. 
2. Importance of mutation, pulses in general and pea 
(Pisum sativum) in particular has been highlighted in 
introduction. 
3. Origin, evolution, taxonomy, distribution and botany 
of pea have been presented. 
4. Cultivation practices, some common diseases of pea and 
their control methods, harvesting and processing have 
also provided. 
5. A review of earlier investigations on pulses in 
general and pea in particular has been presented. 
6. An account of experimental materials including 
mutagens and their mode of action and the techniques 
used in the present investigation has been given. 
7. Effect of chemical mutagens (EMS, DMS and SA) on seed 
germination, seedling growth and other morphological 
characters have been studied. It was found that the 
seed germination and seedling growth were adversely 
affected in higher concentrations of all the chemicals 
used, whereas the lower concentrations exhibited 
stimulatory effect on these parameters. 
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8. An attempt was made to find out the 1-D^Q doses of each 
chemical mutagen for two varieties of pea (Arkel and 
Aparna) with the help of germination percentage graph. 
9. The pollen size and pollen fertility of both the 
varieties showed a dose dependent decrease with all 
the three chemical mutagens. 
10. Meiotic behaviour of treated materials and control 
plants were studied - Multinucleolus condition 
(2-lA) at diakinesis were observed in variety Aparna, 
treated with EMS and SA. 
11. Generally, a decreasing trend of chiasma frequency per 
cell and per bivalent in comparison to control plants 
was observed with some exception-
12. Different chromosomal associations, stickiness of 
chromosomes, bridges, laggards, unequal disjunction of 
chromosomes, triads, abnormal tetrads etc. were found 
in populations treated with EMS, DMS and SA, were 
recorded separately for both the varieties. 
13. Field photographs and microphotographs of meiotic 
abnormalities along with control materials were taken 
and presented. 
14. Statistical analysis have been done to analyse and 
evaluate the frequency and percentage of abnormalities 
occurred in the present investigation. 
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15. The results obtained in the present investigation, 
were discussed on the basis of findings of other 
workers in different crop plants including the pea 
(Pisum sativum L.). 
16. An outline of future plan of work has also been given. 
17. Finally, the literatures pertaining to the present 
work are provided. 
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